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Francis Walker in his ‘‘ List of Specimens of Homopterous 
Insects in the Collection of the British Museum”’ (Part II, 
1851) and in his Supplement to that catalogue (1858) described 
twenty-nine species of Membracidae from America north of 
Mexico. Unfortunately, many of his descriptions are so inad- 
equate that although the membracids of this region are now 
fairly well known, yet a large number of his species have never 
been certainly recognized and a few have been practically 
relegated to the limbo of ‘‘lost species.” 

A- number of years ago the writer began a critical study of 
the literature of these species together with careful examina- 
tion of specimens of the known North American forms as rep- 
resented in extensive collections in order to determine if pos- 
sible the species to which Walker’s descriptions referred. At 
the same time an attempt was made to secure accurate figures 
of Walker’s types in the cases of all species which had not been 
surely recognized. Through the courtesy of Mr. W. L. Distant 
the services of Mr. Horace Knight, an artist of the British 
Museum, were secured for this work. Mr. Knight had been 
making drawings for Mr. Distant for over thirty years, his 
work was recognized as unusually excellent, and the drawings 
were to be personally checked by Mr. Distant. Mr. Knight, 
however, had completed but one study—two views of Walker’s 
‘“‘Thelia collina’’—when his illness brought his work at the 
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Museum to an end in the summer of 1917. In 1919 the work 
was resumed by his son, Mr. Edgar S. Knight, who completed 
studies of six more of the type specimens and then reported 
that it was impossible for him to go further with the work until 
Mr. Distant returned to the Museum as there was no other 
person who was familiar with the arrangement of the collections 
and who could positively locate the desired specimens for him. 
At about the same time Mr. Distant wrote that he had been 
forced to leave London for a rest cure and might not be able to 
return for some time. The matter of the figures was therefore 
left in abeyance. Mr. Distant’s death last summer has made 
it necessary to abandon the idea of securing the remaining 
drawings of type specimens but with the work which has been 
done in the matter of comparisons and with the figures already 
received, it is believed that the following list may be offered as 
representing the correct status of Walker’s species. The species 
are listed in the order in which they were described and the 
synonymy is indicated. 

In interpreting Walker’s descriptions it is assumed that 
his measurements given for the wings in lines refer to the dis- 
tance between the wing-tips of the spread insects. Also, we 


are convinced that in the matter of genera Walker generally 
followed for the Membracidae the classification proposed by 
Fairmaire (Revue de la tribu des Membracides. Annales de la 
societe entomologique de France) in 1846. 


1. Enchenopa antonina Walker = Campylenchia latipes Say. 
1824. Membracis latipes Say. Narr. Long’s Exped. Append. 302.5. 
1851. Enchenopa antonina Walk. List Hom. Brit. Mus. 488.32. 
1869. E. (Campylenchia) curvata (part) Stal Hem. Fabr. 43.3. 
1894. Campylenchia curvata Godg. Cat. Memb. N. A. 464.223. 
1916. Campylenchia latipes VanDuz. Check List Hem. 62.1734. 

This species must be referred to Stal’s genus Campylenchia 
on account of the structure of the pronotal horn and the mark- 
ings of the pronotum as described. Stal included it in his sub- 
genus Campylenchia in 1869 and considered both it and Mem- 
bracis latipes Say as synonyms of C. curvata. It was correctly 
assigned to the genus Campylenchia by Goding in 1894 (Bull. 
Ill. State Lab. Nat. Hist. VII 3, p. 464) but Goding followed 
Stal in confusing C. curvata and C. latipes and making both 
C. latipes and C. antonina synonyms of C. curvata. 

Only two species of the genus Campylenchia are known to 
occur in the United States (the locality given by Walker for 
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his E. antonina). Of these, C. latipes Say is by far the more 
abundant and more widely distributed, the other species, 
C. curvata Fabr., being a small southern form found rarely in 
the southern part of this country.* Unfortunately the two 
species were confused for many years and most of the ref- 
erences to C. curvata in the literature up to the publication of 
VanDuzee’s Check List in 1916 really referred to C. latipes. 
C. latipes shows a wide range of variation in size, in the shape 
of the pronotal horn, and in coloration, and to this species 
must be assigned a number of the supposed new species of the 
earlier writers. 


2. Enchenopa venosa Walker = Campylenchia latipes Say. 
1824. Membracis latipes Say Narr. Long’s Exped. Append. 302.5. 
1851. Enchenopa venosa Walk. List Hom. Brit. Mus. 488.33. 

1869. E. (Campylenchia) curvata (part) Stal Hem. Fabr. 43.3. 

1894. Campylenchia curvata (part) Godg. Cat. Memb. N. A. 464.223. 
1916. Campylenchia latipes VanDuz. Check List Hem. 62.1734. 

Walker apparently separated this species from the preceding 
only on the characters of larger size, slight differences in the 
branching of the ridges of the horn, and some variation in color. 
With our present knowledge of the variation commonly found in 
C. latipes these characters can not be considered as specific. 
The localities given by Walker are the United States and New 
York. Since C. latipes is the only member of the genus known 
to occur in New York it would appear that E. venosa must be 
assigned to that species. 


3. Enchenopa frigida Walker = Campylenchia latipes Say. 
1824. Membracis latipes Say Narr. Long’s Exped. Append. 302.5. 
1851. Enchenopa frigida Walk. List Hom. Brit. Mus. 490.36. 
1858. Walk. List Hom. Brit. Mus. Suppl. 126. 
1869. E. (Campylenchia) curvata (part) Stal Hem. Fabr. 43.3. 
1894. Campylenchia curvata (part) Godg. Cat. Memb. N. A. 464.223. 
1916. Campylenchia latipes VanDuz. Check List Hem. 62.1734. 

This species has had the same history as the two preceding. 
It was placed in the subgenus Campylenchia by Stal as a syno- 
nym of C. curvata and was so accepted by later writers who 
followed Stal in considering C. latipes a synonym of C. curvata. 
E. frigida was described from Nova Scotia and a variety 
described in the Supplement is recorded from Canada. C. 
latipes is our only northern species of the genus. 


* We have a small series from Agricultural College, Mississippi, and have seen 
specimens from Texas. 
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E. frigida seems to have been described as a new species 
chiefly because of a slight tomentose pubescens on the pro- 
thorax and a somewhat different shape of the pronotal process. 
These characters would certainly not be sufficient to distinguish 
it specifically from C. latipes. 


4. Enchenopa bimaculata Walker = Campylenchia latipes Say. 
1824. Membracis latipes Say. Narr. Long’s Exped. Append. 302.5. 
1851. Enchenopa bimacula Walk. List Hom. Brit. Mus. 491.37. 

1869. E. (Campylenchia) curvata (part) Stal Hem. Febr. 43.3. 

1894. Campylenchia curvata (part) Godg. Cat. Memb. N. A. 464.223. 
1916. Campylenchia latipes (part) VanDuz. Check List Hem. 62.1734. 

There seems to be no question but that the above synonymy 
as accepted by recent homopterists is correct. We have exam- 
ined several thousand specimens of C. Jatipes and find that at 
least one out of every three of the northern forms (E. bimacula 
is described from Trenton Falls, N. Y.) shows the triangular 
extension of the vertex on each side where it meets the clypeus 
decidedly ferruginous or lighter in color than the rest of the 
head, and the anterior ridge of the horn the same color, thus 
agreeing with Walker’s description and doubtless representing 
the character which suggested the specific name. 


5. Enchenopa brevis Walker =Enchenopa binotata Say. 
1824. Membracis binotata Say Narr. Long’s Exped. 301.4. 

1851. Enchenopa brevis Walk. List Hom. Brit. Mus. 492.39. 

1908. Enchenopa binotata (part) VanDuz. Stud. N. A. Memb. 112. 

E. binotata is the only abundant and widely distributed 
species of the genus in the United States (Walker gives ‘‘ United 
States’’ as the type locality for E. brevis) and is the only species 
of Enchenopa known in this country which has the two char- 
acteristic spots on the dorsal ridge. Walker’s description of 
E. brevis, however, states that the posterior of these spots is ‘‘at 
the tip.’’ An examination of many hundred specimens of E. 
binotata fails to show an example which agrees with this descrip- 
tion as in all cases the posterior spot is some distance from the 
posterior end of the pronotum. In all other respects his descrip- 
tion will fit numerous specimens with attenuated anterior 
processes. 

If our synonymy is correct, Walker must have been either 
careless in writing his description or he had before him an 
aberrant example in which the posterior spot reached the end 
of the process. 
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6. Ceresa basalis Walker. 

1851. Ceresa basalis Walk. List Hom. Brit. Mus. 527.12. 

1889. Ceresa brevicornis (error) Prov. Pet. Faun. Can. 3.235 (female). 

1889. Ceresa semicrema (error) Prov. Pet. Faun. Can. 3.235 (male). 

1893. epee eon Osborn. Bull. Nat. Hist. Lab. Iowa State Museum, 
1804, Ceresa turbida Godg. Cat. Mamb. N. A. 406.44. 

The dark color, hairy pronotum, dark markings on head, 
acute black-tipped posterior process, black underparts, and 
broad black bands on femora, as described by Walker, have 
been accepted as characters sufficient to distinguish this species. 
It is common in the type locality (Nova Scotia) and throughout 
southern Canada and northern United States. 

We can not agree with VanDuzee (Check List and Cat- 
alogue) in making Stictocephala semi-brunnea Buckton (spelled 
‘“semibrunneata’’ for the figure, Pl. 36, Fig. 6) a synonym. 
Buckton’s description is, to be sure, entirely inadequate, and 
his figure practically worthless from a scientific standpoint, 
but we believe that both, refer to a Stictocephala, as he notes 
only color differences between S. semibrunnea and S. inermis, 
and plainly states that the latter is without suprahumerals. 


7. Ceresa brevis Walker. (Fig. 1). 
1851. Ceresa brevis Walk. List Hom. Brit. Mus. 528.13. 


1869. Stal Bid. Memb. Kan. 245.3. 

1877. Butler Cist. Ent. I1:218.21. 

1894. Godg. Cat. Memb. N. A. 403.29. 

1908. (error) VanDuz. Stud. N. A. Memb. 40.12, Pl. 1, figs. 35, 36. 
1913. Rept. Ent. Soc. Ont. No. 36:135. 

1916. (error) VanDuz. Check List Hem. 58.1582. 

1917. (error) Gibson and Wells Bull Brook. Ent. Soc. 12.5.111. 
1917. (error) VanDuz. Cat. Hem. 525.1582. 

1920. Britton Check List Ins. Conn. 53. 


This species is close to C. basalis Walk. but may be at once 
distinguished superficially by its larger size, longer horns, and 
smooth shining pronotum. It has black markings on the under 
surface similar to C. basalis but C. basalis is densely hairy while 
C. brevis is entirely without pubescence. 

We believe that Gibson and Wells were entirely wrong in 
their diagnosis of this species. They give as the key characters 
‘‘suprahumerals short, reduced to a short tubercle’’ although 
the original description plainly states that the suprahumerals 
are ‘‘acute, rather long, and slightly curved backwards’”’ and 
Mr. Knight’s figure shows this to be the case. 

We believe, also, that VanDuzee is.mistaken in his identifi- 
cation (which he gives as doubtful). We think that we have 
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specimens of the species which he describes in his ‘‘Studies of 
North American Membracidae”’ and consider them as distinct. 
Reference to his description and the figures accompanying it 
will at once reveal decided differences when compared with 
Walker’s description and Knight’s drawing. 

We have specimens of C. brevis ranging from New York to 
Kentucky. New York is the type locality. 


8. Ceresa apicalis Walker = Vanduzea arquata Say. 
1831. Membracis arquata Say. Journ. Acad. Sci. Phila. V1I:302.12. 
1851. Ceresa apicalis Walk. List Hom. Brit. Mus. 533.33. 
1894. Vanduzea apicalis Godg. Cat. Memb. N. A. 441.139. 
1916. Vanduzea (?) apicalis VanDuz. Check List Hem. 61.1711. 
1917. VanDuz. Cat. Hem. 552.1711. 
Goding recognized this species as a Vanduzea, and VanDuzee, 
while questioning the validity of the species, lists it under that 


genus in his Check List and Catalogue. 

Examination of a long series of V. arquata Say, probably the 
most abundant and widely distributed species of the genus in 
eastern North America, shows that Walker’s description will 
fit perfectly many individuals, particularly females of small 
size with weak pubescence and distinct markings. It seems 
unwise, therefore, to consider apicalis as distinct. 


9. Aconophora guttifera Walker =Platycotis vittata Fabricius. 
1803. Centrotus vittatus Fabr. Syst. Rhynch. 20.23. 

1851. Aconophora guttifera Walk. List Hom. Brit. Mus. 539.15. 

1869. Platycotis vittata Stal Hem. Fabr. I1:37. 

This species with its variety quadrivittata Say has been much 
confused because of its great variation, its wide distribution, 
and the fact that both sexes are found both with and without 
the porrect horn. The result has been a large number of 
synonyms. 

Walker’s description undoubtedly refers to the typical 
form as he certainly would have noted the four red lines char- 
acteristic of the variety had they been present on his type 
specimen. PP. vittata was described from ‘‘Carolina.’’ It is 
common in Florida, the type locality of Walker’s species. 


10. Entylia concisa Walker. 


1851. Entylia concisa Walk. List Hom. Brit. Mus. 547.6. 
1851. Entylia decisa Walk. List Hom. Brit. Mus. 548.7. 
1889. Entylia concava (error) Prov. Pet. Faun. Can. III:233. 
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The genus Entylia is still in much confusion due largely to 
the number of species which have been described, some of 
which are doubtless invalid, and the hesitancy of systematists 
to attempt to reduce these species to synonymy because of the 
apparent lack of natural specific characters and the overlapping 
of the forms. Matausch in 1910 (Matausch, Ignaz. Entylia 
Germar and its different forms. Journ. N. Y. Ent. Soc. XVIII: 
4. pp. 260-263, and Plate VIII, Dec., 1910) believed not only 
that E. sinuata had been described under twenty-one different 
names, but suggested that the genus Publilia should also be 
considered as a synonym. While this extreme view can not be 
supported, there is no question but that several of the species 
now usually listed as distinct really represent a single form 
with its variations. A good many years ago, when the writer 
had only a few hundred specimens of the genus in his collection, 
he was quite sure that he could distinguish a number of very 
distinct species; at the present time, with many thousand 
specimens of the genus, representing all parts of the United 
States, available for study, he is far less sure of his determi- 
nations. 

However, it is believed that at least four species may be 
recognized in the United States and Canada. These are E. 
sinuata Fabr., E. bactriana Germ., E. concisa Walk., and E. 
carinata Forst. It is admitted that the characters used in their 
recognition are largely artificial and superficial, being chiefly 
those of size, sculpturing, structure of pronotum, and color, all 
of which are known to vary to a considerable degree within a 
species, but these species seem to be rather well delimited by an 
absence of intermediate forms, and in some cases by a more or 
less definite geographical distribution. 

We can not agree with VanDuzee that E. bactriana should 
be made a synonym of E. carinata, chiefly for the reason that 
while we may be fairly sure of the form which Germar described, 
we can not be equally sure of the insect which Forster had 
before him, and also because we have Canadian material which 
answers to Forster’s description and which we do not consider 
identical with E. bactriana. 

If E. concisa is distinct, as we believe, its chief distinguish- 
ing characters are the large size, the short head, the high falcate 
anterior process which leans over the head and extends at a 
sharp angle far caudad at its dorso-caudal margin, including 
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with the posterior crest, in Walker’s words ‘“‘three-fourths of a 
circle.’’ Its range as represented in our collection is limited 
chiefly to the eastern part of the United States south of the 
Ohio River. The type locality as given by Walker is St. John’s 
Bluff, E. Florida. We are finding it the dominant form in 
Kentucky. 


11. Entylia decisa Walker =Entylia concisa Walker. 
1851. Entylia concisa Walk. List Hom. Brit. Mus. 547.6. 
1851. Entylia decisa Walk. List Hom. Brit. Mus. 548.7. 

Apparently described from a dark-colored specimen of the 
preceding. We have individuals which are entirely black. The 
type locality for E. decisa is the same as that of E. concisa and 
the species seems to have been distinguished by Walker only 
on the basis of a slight difference in size and a considerable 
variation in color. 


12. Entylia accisa Walker =Entylia bactriana Germar. 

1835. Entylia bactriana Germ. Silb. Rev. Ent. I11:248.3. 

1851. Entylia accisa Walk. List Hom. Brit. Mus. 548.8. 

1851. Entylia indecisa Walk. List Hom. Brit. Mus. 549.10. 

1851. Entylia reducta Walk. List Hom. Brit. Mus, 549.11. 

1877. Entylia accisa Butler Cist. Ent. 11:211.3. 

1894. Entylia sinuata (part) Godg. Cat. Memb. N. A. 396.14. 

1916. Entylia accisa E. E. carinata torva VanDuz. Check List Hem. 61.1716a. 

We have a suspicion that this may be another variation of 
E. concisa. Walker notes the lower crests and the different 
colors but states that it, as well as E. indecisa, is ‘‘in general 
structure like E. concisa.’’ If this similarity in ‘‘ general struc- 
ture’’ includes the peculiar shape of the caudal projection of 
the anterior crest, it would support this conjecture, but of this 
we can not be certain. 

On the other hand, the lower crests and the prominent 
black and yellow markings strongly suggest E. bactriana and 
since we have examples of E. bactriana which exactly fit Walk- 
er’s description, we are placing it as a synonym of Germar’s 
species. 

Butler recognized E. accisa as distinct on account of the 
shallower sinus and the blackish and yellowish coloration; 
Goding considered it a synonym of E. sinuata; VanDuzee makes 
it a synonym of Fitch’s subspecies torva which latter he con- 
siders a variety of E. carinata Forst. 
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13. Entylia indecisa Walker =Entylia bactriana Germar. 

1835. Entylia bactriana Germ. Silb. Rev. Ent. I11:248.3. 

1851. Entylia indecisa Walk. List Hom. Brit. Mus. 549.10. 

1851. Entylia reducta Walk. List Hom. Brit. Mus. 549.11. 

1877. Entylia indecisa Butler Cist. Ent. I1:211.3. 

1894. Entylia bactriana (part) Godg. Cat. Memb. N. A. 396.14. 

1916. Entylia indecisa E. E. carinata VanDuz. Check List Hem. 61.1716. 

We agree with Goding in making this a synonym of E. 
bactriana and considering E. bactriana a valid species. Certainly 
E. indecisa must be considered as identical with E. accisa since 
Walker indicates only color differences between the two. 
E. bactriana is the most abundant and most widely distributed 
species of the genus in New York, which is the type locality 
for E. indecisa. : 

Butler considered E. indecisa a variety of E. accisa; VanDu- 
zee makes it a synonym of E. carinata with which he includes 
E. bactriana. 


14. Entylia reducta Walker =Entylia bactriana Germar. 


1835. Entylia bactriana Germ. Silb. Rev. Ent. I11I:248.3. 

1851. Entylia reducta Walk. List Hom. Brit. Mus. 549.11. 

1877. Butler Cist. Ent. I1:211.5. 

1894. Entylia bactriana (part) Godg. Cat. Memb. N. A. 397.15. 
1908. Entylia reducta VanDuz. Stud. N. A. Memb. 105. 

1903. Buckton Mon. Memb. 185. 

1916. Entylia carinata var. reducta VanDuz. Check List 61.1716b. 


We can not admit that this form is even a distinct variety 
as recognized by VanDuzee. We have reared it repeatedly from 
egg-masses of E. bactriana and have found all intermediate 
gradations from specimens answering Walker’s description of 
E. reducta perfectly, to typical examples of E. bactriana, all 
from the same egg-mass. 


15. Oxygonia extensa Walker =Publilia concava Say 


1824. Membracis cocava Say Append. Long’s Exped. I1:301.3. 

1835. Entylia concava Germ. Silb. Rev. Ent. I11:249.4. 

1851. Oxygonia extensa Walk. List Hom. Brit. Mus. 554.20. 

1854. Entilia (sic.) concava Emm. Agr. N. Y., V:153, Pl. 13, fig. 10. 
1866. Publilia concava Stal Analect. Hem. 388. 

1869. Ceresa concava Rathv. Momb. Hist. Lanc. Co. Pa. 551. 

1894. Publilia nigridorsum Godg. Cat. Memb. N. A. 399.20. 

1903. Publilia grisea Buckt. Mon. Memb. 184, Pl. 39, figs. 5, 5a. 


This species seems to have been entirely overlooked by all 
cataloguers of American Membracidae, although Walker lists it 
from three localities, ‘‘United States,” ‘‘Cincinnati’? and 
‘*Trenton Falls, N. Y.’”’ It has not been mentioned in literature, 
so far as we can discover, since its original description. 





106 Annals Entomological Society of America [Vol. XVI, 


The writer in 1920 called Mr. VanDuzee’s attention to the 
fact that it was omitted from his Check List and Catalogue and 
was advised that its omission was due to an oversight, as in the 
MS catalogue it had been entered under Ophiderma with the 
penciled note ‘‘equals Publilia concava’’ and under the latter 
species it was entered as a synonym. 

We believe that VanDuzee’s diagnosis is entirely correct. 
The genus Oxygonia (preoccupied, and now Gelastogonia as 
proposed by Kirkaldy, Ent. 37 : 279. 1904) as recognized by 
Fairmaire (see key to genera, Rev. Memb. p. 240) and Walker, 
would include Stal’s genus Publilia (erected 1866). Moreover, 
it would include practically no other genus not known to 
Walker which could contain an insect such as he described. 
Again, P. concava is abundant throughout eastern United 
States and occurs in the two definite localities mentioned. The 
chief reason, however, for our decision is the fact that Walker’s 
description of his O. extensa actually fits P. concava and does 
not fit any other known form of American membracid so far 
as we can discover. 

Both Distant and Knight reported that the type specimen 
could not be located at the British Museum and it was thus 
impossible to secure a figure. 

16. Thelia conica Walker=Telamona conica Walker. (Fig. 2). 
1851. Thelia conica Walk. List Hom. Brit. Mus. 557.9. 

1894. (?) Archasia conica Godg. Cat. Memb. N. A. 426.90. 

1903. Archasia conica Buckt. Mon. Memb. 218.3. 

1908. Telamona conica VanDuz. Stud. N. A. Memb. 73. 

1916. Telamona (?) conica VanDuz. Check List Hem. 60.1657. 

1917. Telamona conica VanDuz. Cat. Hem. 541.1657. 

This species seems never to have been certainly recognized 
since its original description, and Mr. Distant was unable to 
locate the type specimen in the British Museum. 

A species found in Mississippi agrees very well with Walker’s 
meager description and is here figured. If it is not Walker’s 
species it is new, and we prefer to consider it 7. conica. It has 
not as yet been reported from the type locality given for 
T. conica (Florida) but there seems to be no reason why i 
should not occur there. 


17. Thelia angulata Walker =Ceresa femorata Fairmaire. 


1846. Ceresa femorata Fairm. Rev. Memb. 289.24. 

1851. Thelia angulata Walk. List Hom. Brit. Mus. 558.10. 

1851. Thelia tacta Walk. List Hom. Brit. Mus. 560.15. 

1877. Eumela tacta Butler Cist. Ent. I1:354. 

1895. Stictocephala femorata Fowler B. C. A. 108.1. 

1908. Ceresa femorata VanDuz. Stud. N. A. Memb. 41.14. Pl. 1, fig. 38. 
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Ceresa femorata Fairmaire was described from Mexico but 
is common through the southern portion of the United States 
where it has a wide range and shows considerable variation. 
The small size, very short suprahumerals, slender black-tipped 
posterior process, and the dark markings on the undersurface 
of the insect are usually characteristic. The first three of these 
characters were apparently considered by Walker as distinctive 
for T. angulata. We have examined a large number of specimens 
of C. femorata which fit Walker’s description of T. angulata 
so closely that we cannot escape the conclusion that this 
was the species which he had b2fore him. The type local- 
ity given for 7. angulata is North Carolina and we know 
of no other membracid found in that region which can be 
considered as Walker’s species. 

Walker was familiar, of course, with the genus Ceresa, but 
apparently considered only those species which showed well 
developed suprahumerals as belonging to that genus for he 
places this, and the slender-horned species C. constans in the 
genus Thelia. 


18. Thelia substriata Walker = Stictocephala substriata Walker. (Fig. 3.) 
1851. Thelia substriata Walk. List Hom. Brit. Mus. 558.11. 
1894. (?) Thelia substriata Godg. Cat. Memb. N. A. 414.64. 
1908. a substriata (error?) VanDuz. Stud. N. A. Memb. 45.4. Pl. 1, 

It is evident from Mr. Knight’s figure that VanDuzee was 
correct in assigning this species to the genus Stictocephala. 
It is equally evident, however, that the species which Van Duzee 
believed to be substriata and which he redescribed and figured 
in his ‘‘Studies in North American Membracidae’’ was not 
the one which Mr. Knight had before him as the type of 
Walker’s species. : 

The species which VanDuzee recognized and which has been 
accepted as substriata by Smith, Metcalf, Barber and the writer 
in later publications, has a convex metopidium with apex 
farther front than in imermis, posterior process scarcely attain- 
ing tip of abdomen, clypeus scarcely longer than cheeks (Cf. 
VanDuzee Stud. N. A. Memb. p. 45) and a high sharp median 
carina (Ibid. Pl. 1, Fig. 20). Mr. Knight’s figure shows an insect 
with an almost flat metopidium with apex much farther back 
than inermis, posterior process extending beyond the abdomen, 
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clypeus decidedly longer than genae and median carina not 
elevated above sides of dorsum as seen from a front view. 

We have not seen an example which agrees with Walker’s 
description and Mr. Knight’s figure. We are convinced, how- 
ever, that VanDuzee’s substriata is distinct and should be 
renamed. 


19. Thelia rufivitta Walker =Stictocephala festina Say. 

1830. Membracis festina Say. Journ. Acad. Nat. Sci. Phila. VI:243.5. 

1851. Thelia rufivitta Walk. List Hom. Brit. Mus. 559.12. 

1851. Ceresa festiva (sic) Walk. List Hom. Brit. Mus. 1141.38. 

1869. Stictocephala festina Stal Bid. Memb. Kan. 246.2. 

1895. Stictocephala dubia Fowler B. C. A. 109.2. 

1904. Stictocephala rubrovitta (sic) Snow. Kans. Univ. Sci. Bull. 2.349. 

1908. Stictocephala festina rufivitta VanDuz. Stud. N. A. Memb. 46. 
Stictocephala festina is very abundant throughout the 

southern states on alfalfa. In general collecting in a given 

locality about one-half of the males usually show the reddish 

color on the dorsum. We have never seen a female. The two 

hundred or more specimens of rufivitta which we have retained 

in our collection to show distribution as represented by the 

locality labels are all males. We can not admit this as a distinct 

variety. 


20. Thelia lutea Walker =Stictocephala lutea Walker. (Fig. 4). 
1851. Thelia lutea Walk. List Ham. Brit. Mus. 559.13. 

1854. Gargara pectoralis Emm. Agr. N. Y. V: 157. Pl. 13. Fig. 12. 

1869. Stictocephala lutea Stal Hem. Fabr. 11:24. 


Stal fixed the status of this species when he indicated it as 
the type of his subgenus Stictocephala. The species shows 
some variation in structure and considerable variation in color. 
We should consider the form as figured by Mr. Knight as 
typical. 


21. Thelia tumida Walker =Xantholobus tumidus Walker. 
1851. Thelia tumida Walk List. Hom. Brit. Mus. 650.14. 

1894. Cyrtolobus tumidus Godg. Cat. Memb. N. A. 433.111. 

1916. C. (Xantholobus) (?) tumidus VanDuz. Check List Hem. 61.1699. 
1917. Cyrtolobus (Xantholobus) tumidus VanDuz. Cat. Hem. 550.1699. 

If we have determined this species correctly, it is very close 
to X. muticus Fabr. and may be a variety of that species. 
Superficially it differs considerably on account of its small size, 
shining yellow color, and lack of conspicuous markings. We 
have specimens from Florida and Mississippi. Florida is the 
type locality. 
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22. Thelia semifascia Walker =Cyrtolobus tuberosus Fairmaire. 

1846. Thelia tuberosa Fairm. Rev. Memb. 307.6. 

1851. Thelia semifascia Walk. List Hom. Brit. Mus. 561.16. 

1903. Argante semifasciata (sic) Buckt. Mon. Memb. 190, Pl. 40, fig. 9; Pl. 41, 
1916. Grecian heidi (part) VanDuz. Check List 60.1673. 

Buckton’s figures which were presumably made from the 
type specimen, since they are credited as being British Museum 
material from the type locality, seem sufficient for the identi- 
fication of this species as C. tuberosus and it was so recognized 
by VanDuzee. 

Both Walker’s and Buckton’s measurements, however, are 
small for typical forms of C. tuberosus as this species averages 
from eight to ten millimeters in length. 


23. Thelia constans Walker =Ceresa constans Walker. (Fig. 5). 
1851. Thelia constans Walk. List Hom. Brit. Mus. 563.21. 
1869. Ceresa constans Stal Bid. Memb. Kan. 245.5. 

Mr. Knight’s excellent figures verify the diagnosis made 
by Stal and accepted by all later writers. Many specimens 
show the suprahumerals more recurved than the type drawn. 
The species may be generally recognized by its small size, red- 
dish carina, and long slender, recurved, black-tipped supra- 
humerals. 


24. Thelia collina Walker=Telamona collina Walker. (Fig. 6). 


helia collina Walk. List Hom. Brit. Mus. 565.35. 

elamona collina Butler Cist Ent. I1:220.2. 

elamona pruinosa Ball. Proc. Biol. Soc. Wash. XVI:177. Pl. 1, figs. 7, 
7a, 7b. 


1851. T 
ioe, = 
1903. T 


We have long been convinced that Ball’s T. pruinosa was 
a synonym of 7. collina and Mr. Knight’s drawing leaves no 
doubt in our mind that this is the case. We have taken this 
insect commonly in New York, the type locality for T. collina, 
and the specimens identified by Ball as his pruinosa agree with 
Walker’s description and with Knight’s figures. 

We can not understand VanDuzee’s reason for placing 
Buckton’s T. turitella as another synonym of this species (Cat. 
Hem. 541. 1953.). Buckton’s description does not fit T. collina, 
he gives the type locality as Sanguanay, and his figure, Pl. 43, 
Fig. 7 (not Pl. 44, Fig. 6 as given by VanDuzee) resembles 
T. collina only in approximate outline. 
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25. Darnis tripartita Walker =Carynota mera Say. (Fig. 7). 
1831. Membracis mera Say Journ. Acad. Nat. Sci. Phila. VI:310.10. 
1851. Carynota mera Fitch Cat. Hom. N. Y. 48.650. 

1851. Darnis tripartita Walk. List Hom. Brit. Mus. 576.15. 

1854. Gargara majus Emm. Agr. N. Y. V:156. PI. 13, fig. 6. 

1856. Ophiderma mera Fitch, 3rd Rpt. Ins. N. Y. 465.191. 

1878. Hypheus tripartita Butler Cist. Ent. I1:348. 

1894. Carynota strombergi Godg. Cat. Memb. N. A. 443.143. 

1916. Carynota marmorata (part) (error?) VanDuz. Check List 59.1613. 

The venation of the tegmina as shown in Mr. Knight’s figure 
clearly places this species in the genus Carynota but we can 
not agree with VanDuzee in making it a synonym of C. mar- 
morata. We have specimens of a southern form of C. mera from 
Kentucky, Mississippi and Florida, which have the brown band 
on the sides of the pronotum expanded into a dark triangle 
exactly as described by Walker and figured by Knight. More- 
over, the original description does not mention, nor does 
Knight’s drawing show, the light points on the metopidium and 
sides of the pronotum which are so characteristic of C. mar- 
morata. 

Our specimens show the extremity of the posterior process 
and the tips of the tegmnia brown as in the original description. 
These characters do not appear in the figure, due perhaps to 
the age and faded condition of the type specimen. 


26. Darnis stupida Walker =Carynota stupida Walker. (Fig. 8). 
1851. Darnis stupida Walk. List Hom. Brit. Mus. 577.16. 

1878. Hypheus stupida Butler Cist. Ent. I1:343. 

1889. Ophiderma marmorata (error) Prov. Pet. Faun. Can. II1:247. 

1894. Carynota muskokensis Godg. Cat. Memb. N. A. 444.145. 

1903. Hypheus albopicta Buckt. Mon. Memb. 135. PI. 29, figs. 1, la. 
1916. Carynota stupida VanDuz. Check List Hem. 59.1611. 

There seems to be no question but that the above synonymy 
as adopted by VanDuzee is correct. 

It will be noted, however, that Mr. Knight’s figure does not 
show the small triangular yellowish spot at the margin of the 
pronotum which is mentioned by Walker in the original descrip- 
tion and which is present in all of the specimens of the species 
which we have seen. 


27. Aconophora lineosa Walker =Platycotis vittata Fabricius. 


1803. Centrotus vittatus Fabr. Syst. Rhynch. 20.23. 

1858. Aconophora lineosa Walk. List Hom. Brit. Mus. Suppl. 134. 

1917. (?) Aconophora lineosa (Probably a Platycotis) VanDuz. Cat. Hem. 
557 . 1722. 
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Mr. Distant was unable to locate the type of this species 
in the British Museum collection so that our recognition must 
be based only on comparisons. Walker gives as the type locality 
‘‘North America,’’ but our experience has been that this desig- 
nation by Walker almost always refers to the United States 
or Canada, since his Mexican and Central American species 
are usually definitely indicated as to country. We are inclined 
to believe, therefore, that the species in question should be 
included in our list. 


The genus Aconophora has not as yet been reported from the 
United States but the genus Platycotis (which at the date of 
Walker’s catalogue had not been split off from Aconophora) is 
found in this country and in Canada. We have carefully 
compared Walker’s description of A. lineosa with the descrip- 
tions or with specimens of all species of Aconophora and of 
Platycotis found in the United States and Mexico and find that 
it best fits the horned form of P. vittata as represented in our 
southern States. 


28. Entylia impedita Walker =Entylia carinata Forster. 
1771. Cicada carinata Forst. Nova Spec. Ins. Cent. [:67. 

1858. Entylia impedita Walk. List Hom. Brit. Mus. Suppl. 137. 
1917. Entylia carinata Van Duz. Cat. Hem. 553.1716. 


Walker’s meager description of E. impedita will fit almost 
any specimen of any species of Entylia, since the characters 
which he gives are common to the genus. 


In our Canadian material the two prominent ridges on the 
anterior elevation of the pronotum, the brown and punctured 
basal half of the tegmina, and the vitreous hind wings, are most 
characteristic in the forms which we determine as E. carinata 
and we are therefore placing Walker’s species as a synonym of 
this form. 


E. impedita was described from West Canada. 


29. Hemiptycha diffusa Walker=Telamona diffusa Walker. (Fig. 9). 
1858. Hemiptycha diffusa Walk. List Hom. Brit. Mus. Suppl. 143. 
1917. Telamona unicolor (part) (error?) VanDuz. Cat. Hem. 540.1651. 

Mr. Edgar Knight wrote us under date of Jan. 30, 1920, 
that up to that time he had been unable to locate the type of 
this species owing to a new arrangement of the index at the 
British Museum. However, we have a Telamona from Canada 
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which agrees with Walker’s description so perfectly that we 
feel sure of our identification. 

We can not agree with VanDuzee in making this a synonym 
of T. unicolor. Walker’s description fits the male of T. unicolor 
(T. fasciata Fitch) in a number of respects but Fitch’s species is 
nearly twice as large as the species described by Walker and 
does not agree in the markings, especially those of the 
metopidium. 

We figure a specimen from Waubanin, Canada. The type 
locality for H. diffusa is given as Orella, West Canada. 


EXPLANATION OF PLATE IV. 
Front and lateral views of Ceresa brevis Walker. 
Drawing by Mr. Edgar Knight. 
Front and lateral views of Thelia conica Walker. 
Drawing by W. D. Funkhouser. 
Front and lateral views of Thelia substriata Walker. 
Drawing by Mr. Edgar Knight. 
Front and lateral views of Thelia lutea Walker. 
Drawing by Mr. Edgar Knight. 
Front and lateral views of Thelia constans Walker. 
Drawing by Mr. Edgar Knight. 
Front and lateral views of Thelia collina Walker. 
Drawing by Mr. Horace Knight. 
Front and lateral views of Darnis tripartita Walker. 
Drawing by Mr. Edgar Knight. 
Front and lateral views of Darnis slupida Walker. 
Drawing by Mr. Edgar Knight. 
Lateral view of Hemiptycha diffusa Walker. 
Drawing by W. D. Funkhouser. 
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A CRITICISM OF THE “SEQUENCE” THEORY OF 
PARASITIC CONTROL. 


W. R. THompPson, 


Specialist in Parasites, U. S. Bureau of Entomology. 


The theory of the action of entomophagous parasites with 
which I propose to deal in this paper, was first put forward by 
W. F. Fiske in 1910, in a comprehensive account of the par- 
asites of the Gypsy and Brown-tail Moths*; and in the year 
following it was incorporated in the larger bulletin on the same 
subject written in collaboration with Dr. L. O. Howard.t From 
that time to this, the ‘‘Sequence’’ theory does not seem to have 
been subjected to any serious criticism; and there are good 
reasons for believing that it has exerted and still exerts consid- 
erable influence upon the thoughts and plans of entomologists 
concerned with practical problems of parasitic control. 


The .‘‘Sequence’’ theory of the parasitic control was stated 
by Fiske (1. c. 1910, p. 13), as follows: ‘‘no one parasite is 
capable of effecting the necessary amount of control in an insect 
of the character of the gypsy moth, and capable of a similarly 


rapid rate of increase when unchecked by parasites; but a 
sequence of parasites, which will attack the insect in different 
stages of its development, and all the component members of 
which will work together in harmony, is absolutely necessary 
before the best results may be expected.” 

The arguments advanced in support of this statement in 
the publication cited (p. 14) are in the first place, ‘‘the fact 
that not in a single instance has one species of parasite been 
found sufficiently abundant abroad to bring about the per- 
centage of destruction which will certainly be necessary in order 
to offset the six-fold rate of increase of the gypsy moth... ”’; 
and in the second place, the fact that, ‘‘there is not a single 
species of defoliating caterpillar, similar in habit to the gypsy 
moth, of which the parasites have been studied and which is 

* W. F. Fiske, Parasites of the Gypsy agd Brown-tail Moths introduced into 
Massachusetts. Boston, 1910. 

+t L. O. Howard and W. F. Fiske, The Importation into the United States of 


the Parasites of the Gypsy Moth and the Brown-tail Moth. U.S. Dept. Agr. Bu. 
Ent. Bull. 91. 1911. 
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controlled by them to any extent, which does not support a 
sequence of parasites similar to that which it is proposed to 
establish for the gypsy moth.” 


The method of operation deduced from the theory, outlined 
in the work cited and explained in greater detail in the 1911 
publication, consists, in the case of the gypsy moth, in the 
establishment of a sequence of parasites, attacking different 
stages of the host and working in harmony, sufficient to elim- 
inate each year 83.33 per cent of the population of the host 
insect; which, having an effective rate of increase of only six 
fold annually, would thus cease to increase in numbers, as a 
moment’s reflection will show. 


Now it may be conceded, for the purposes of this argument, 
that if it be shown that in nature, the control of injurious insects 
is invariably the work of a sequence of parasitic enemies, the 
establishment of such a sequence ought to be the main object 
of our practical operations, success without the formation of a 
sequence being extremely improbable if not impossible. It 
does not appear, however, that this has really been demon- 
strated by Fiske. It is indeed true, that among the vast multi- 
tude of entomophagous parasites, there are to be found species 
and groups of species attacking injurious insects in almost 
every stage of development; and that for any given host, inves- 
tigation will usually—though not necessarily always—disclose 
parasites of the egg, parasites of the larva and parasites of the 
pupa. But from the fact that such sequences frequently exist 
in nature we cannot legitimately conclude that they are essen- 
tial for the natural control of the host; or that, were they incom- 
plete, the host would not be held in check. It may be that in 
many cases, one or two members of the sequence are really 
responsible for control, the other members being in fact negli- 
gible for all practical purposes. 

It is certainly a fact, as shown long ago by Fiske for Clisio- 
campa disstria* and recently by Picard for Pieris brassicaet, 
that many insects in their native homes are attacked by groups 
of parasites which seem to destroy a certain average proportion 
of hosts year after year, the combination of parasitic and other 


*W. F. Fiske,-A Study of the Parasites of the American Tent Caterpillar. 
New Hamp. Agr. Exp. Sta. Tech. Bull. No. 6, 1903. 

7 F. Picard, Contribution a l’etude des Parasites de ‘‘Pieris brassice.”’ L. 
Bull. Biol. France, Belgique, T. LVI, Fasc. I, 1922. 
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destructive influences, usually being sufficient to prevent the 
hosts from becoming overwhelmingly injurious. It does not 
seem, however, that the authors who have studied these cases 
have shown clearly in just what manner normal conditions 
are restored when a disturbance of the natural equilibrium 
results in an abnormal increase of the injurious species: in other 
words, they do not tell us just how an outbreak of the pest is 
reduced. But this is precisely the point of greatest interest to 
us; for we can scarecly hope to reproduce in toto in the new 
home of an introduced pest the conditions under which it lives 
in a state of average abundance in its native country, these 
conditions being the result of the action and interaction of a 
vast multitude of various factors throughout the course of 
many ages. All we can hope to do is to parallel in the new home 
of the insect the process leading to the reduction of an outbreak 
in the native home. But since, as we have seen, the authors 
quoted do not provide us with definite information as to this 
process, it would seem, that the statement cited above, that 
‘‘no one parasite is capable of effecting the necessary amount 
of control in an insect of the character of the gypsy moth... 
but a sequence of parasites . . . is absolutely necessary before 
the best results may be expected,” arising as it does out of 
observations which either do not give the information essential 
for such a deduction, or concern a state of affairs other than 
that presented by an outbreak, may be considered for the 
present as not proven. 

It is now necessary to consider with some care, the implica- 
tions of the ‘‘Sequence’’ theory; for, once these are fully 
realized, the limitations of this theory, as a basis for practical 
operations, immediately become evident. 

As we have seen, according to Fiske, the rate of increase of 
the gipsy moth being six fold per generation, a parasitism of 
83.33 percent is necessary, in order to secure control. To put 
this into a more general form, if the effective rate of reproduc- 
tion of the host per generation be ‘‘h,’’ the proportion of hosts 


parasitized must be constantly equal to Under these 


H- 

h 
circumstances, the host population will obviously remain sta- 
tionary, generation after generation. No further increase will 
occur. 
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But, if, as the theory explicitly postulates, the host remains 
stationary, then the parasite population must also remain sta- 
tionary; for if the parasite population increases in each genera- 
tion, then the numbers of the host will obviously not remain 
constant but will decline, as could very readily be shown. And 
if the parasite population remains constant, the effective 
reproductive rate of each of the species in the sequence must be 
equal to ‘‘I’’; from which it follows, that if the natural repro- 
ductive rate of any given member of the series were ‘‘s,’’ per 
generation, (‘‘s’’ being greater than ‘‘I’’), then a proportion 


s — 
represented by , would have to be eliminated by some cause 
Ss 


or causes, in every generation, after the death of the parasitized 
hosts. And if, as the theory postulates, the total percentage of 
destruction accomplished by the sequence remains constant, 
then, other things being equal, a similar elimination of offspring 
would have to occur for each member of the sequence. 
However, if, at any given stage in the development of the 
population of a parasite, we postulate an elimination of a pro- 
portion of the offspring such that the parasite will not there- 
after increase in numbers, but will remain stationary, why 
should this elimination not be postulated for every other stage? 
On the other hand, if such an elimination fails to occur during 
a large number of generations following the introduction of the 
parasite, what reason is there to suppose that it will ever occur? 
In other words, we may reasonably suppose that the factors 
responsible for the destruction of the required proportion of 
the parasite population will operate continuously in every gen- 
eration from the moment of introduction, that they will never 
operate, or finally, that they will operate only at irregular 
intervals. But what reasons have we for supposing, that the 
eliminating factors will begin to operate only after the parasite 
populations have increased sufficiently, so that during a given 
generation, the host is held stationary; and that at this precise 
moment, the eliminating factors intervene, so that after this 
point, the parasite is also held stationary. For this is precisely 
the supposition implied in the theory. ‘‘It goes without saying, 
‘“‘wrote Fiske, (1. c. 1910, p. 22) ‘‘when the habits of the par- 
asites are taken into consideration, that the few paltry thous- 
ands which it has been possible to secure . . . must be allowed 
sufficient time to increase to the millions and billions necessary 
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to cope with the tremendous quantities of gypsy moths which 
are everywhere in evidence throughout the infested district. 
Fortunately, this increase . . will be by geometrical progression.”’ 

Now, if a parasite can increase by geometrical progression up 

h-I 
h 
what reason is there for supposing that it will not increase 
further, to the relatively slight extent necessary for the practical 

extermination of the host? 

Later in this paper, an attempt will be made to answer these 
questions. Before doing so, however, it must be noted that 
by the theory we are discussing, the increase to this point is not 
assumed for a single species of parasite, but for a group of par- 
asites, no one of which, taken separately, destroys the required 
proportion of hosts; this proportion being attained by their 
combined efforts. But this fact is of no importance, the argu- 
ments concerning the increase of a single species being equally 
applicable to a group of species working together. 

Nevertheless, for reasons which will appear in a moment, 
the question of the action of a sequence of parasites requires 
special attention. 

If, as postulated by the ‘‘Sequence’”’ theory, we have a group 
of parasites attacking the host, either, one or more of these 
parasites will have a rate of reproduction equal to or greater 
than, the rate of reproduction of the host; or else the rate of 
reproduction of each one of them will be individually less than 
the rate of reproduction of the host. 

But if the rate of reproduction of any one of the parasites is 
equal to or greater than the rate of reproduction of the host, 
then this parasite alone will not merely increase to the point 
where it parasitizes a proportion of the host population equal 


to the point where the proportion of parasitized hosts is 


h-I ee , ‘ 
to, but will in many cases increase further to the point 


where complete control is secured, the host population being for 
practical purposes exterminated, by the unaided efforts of the 
species in question. In such a case, therefore, a sequence of 
parasites would not be necessary in order to secure the best 
results; which is contrary to the theory we are discussing. 

If, on the other hand, the rate of reproduction of each of 
the parasites in the sequence is individually less than that of 
the host, then let there be at the beginning of the experiment, 
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es ’ 


p’’ parasites with a reproductive rate of ‘‘a’’, ‘‘p’’ parasites 
with a reproductive rate of ‘‘b,” ‘‘p ’’parasites with a repro- 
ductive rate of ‘‘c,”’ ‘‘p’’ parasites with a reproductive rate of 
‘‘d,”’ and so on, the colonies being assumed to be equal in 
numbers merely to facilitate calculation; and let the repro- 
ductive rate of the host be ‘‘h.”’ 

The investigation of this case is a rather complex matter; 
but the results, obtained by mathematical operations which 
need not be given here, may be resumed as follows: 

If, at the beginning of the experiment, there are ‘‘n’’ hosts 
with a reproductive rate of ‘‘h,’’ ‘‘p’’ parasites with a repro- 
ductive rate of ‘‘a,’’ ‘‘p’’ parasites with a reproductive rate of 
‘*b,”’ “‘p”’ parasites with a reproductive rate of ‘‘c,’’ ‘‘p”’ par- 
asites with a reproductive rate of ‘‘d,’’ and so on, each repro- 
ductive rate being singly less than ‘‘h’’ in numerical value, then 
the proportion which must exist between the initial number of 
hosts and the initial number of each species of parasite, must 
not be greater than that given by the equation, 

n a b c d 
p ._ hea $ h-b + h-c t he 
if the parasites are ever to increase to the point where control 
is secured. 

Thus, take a case where we have a host whose reproductive 
rate per generation is equal to 20, and let there be at the begin- 
ning of the experiment equal numbers of 10 species of parasites 
whose reproductive rates are respectively equal to 19, 18, 17, 
16, 15, 14, 13, 12, 11, and 10, their combined reproductive rates 
being thus 145, which is more than 7 times the reproductive 
rate of the host—the case chosen being thus exceptionally 
favorable to the ‘‘Sequence’’ theory. Then in this case, if con- 
trol is to be effected, there must not be less to begin with, than 
10 parasites of each kind for 485.7 hosts; and if control is to be 
effected within measurable time, then the number of parasites 
must be greater, in proportion to the number of hosts, than 
the number given by the formula. Otherwise control, though 
theoretically possible, will occur only after an infinite number 
of generations. 

Again, let there be 20 parasites instead of 10, with repro- 
ductive rates of 19, 18, 17. . . 1, respectively, in this case there 
must not be at the beginning of the experiment more than 51.93 
individuals of the host for one individual of each separate 


+ etc. 
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species of parasite, that is, there must be at least 20 individuals 
of all the species of parasites taken together, for every 51.93 
individuals of the host, if control is ever to occur and a greater 
number of parasites. if it is to occur within measurable time. 

It is, of course obvious, that no such numbers of parasites 
as are required to produce such proportions between the host 
population and the parasite population, at the beginning of the 
experiment, can really be introduced. 

Thus, to summarize briefly the results obtained from our 
examination of the sequence theory, either the reproductive 
rates of one or more of the parasites introduced are equal to or 
greater than the reproductive rate of the host; and in this case 
a sequence is not necessarily indispensable; or else the repro- 
ductive rates of each of the species introduced is individually 
less than the reproductive rate of the host; and in this case the 
method implied in the sequence theory cannot be put into 
practice. 

Nevertheless, although the ‘‘Sequence”’ theory as put for- 
ward by Fiske, is not universally applicable, i. e., is not accept- 
able as a complete general theory of parasitic action, this 
hypothesis is valid within certain definite limits. As we have 
seen, the theory implies that after the requisite time for mul- 
tiplication has been allowed, the group of parasites forming the 
sequence will have increased to the point where the result of 
their attack, added to the destructive effect of nonparasitic 
influences, will be the reduction of the effective reproductive 
rate of the host to I; after which they will cease to increase 
further, so that a permanent equilibrium between host and 
parasite will be secured. 

The conditions required in order that this may be possible, 
are as follows: 

1. The action of the parasites must be so limited by factors 
acting in space and time, that the percentage of hosts destroyed 
can never rise above a certain average figure. 

2. The total maximum percentage destroyed by non- 
parasitic causes, must be such that the effective reproductive 
rate of the host is reduced to I. 

3. No one parasite is capable of destroying the required 
proportion of the host population, even in conjunction with 
non-parasitic causes; the combined maximum efforts of all 
the species forming the sequence being necessary. 


? 
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Suppose, for example, that we have a host which continues 
to oviposit over a considerable period of time, so that there 
results a series of overlapping life cycles. In this case, which is 
almost universal, we will find in the field during a considerable 
period of time, almost all stages of the host insect; any given 
stage occurring in nature during a period much longer than that 
required for the passage through this stage for any given 
individual. 


1. Distribution of Host and Parasites in Time. I-VI, 6 overlapping life cycles 
of the host insect, comprising each, the egg stage (e), four larval stages (1-4) 
and pupal stage (p); a, b, c, periods of oviposition of three parasites, attacking 
respectively the egg, third larval, and pupal stage. If the oviposition periods 
are as shown in the upper dotted lines, any one of these parasites is poten- 
tially capable of exterminating the host. If they are as shown by the lower 
short solid lines, no one of the parasites can destroy more than 16.6% of the 
host population. 

Now if a parasite attacks the host in any given stage; but 
does not continue to oviposit during the whole period when 
this stage is available, then it will never succeed in destroying 
more than a certain fraction of the host population, the fraction 
destroyed depending on the relation between the oviposition 
period of the parasites and the period during which the host is 
to be found in the field in the stage attacked by the parasite 


considered. The diagram in Figure 1 will make this clear. 





1923] Thompson: Sequence Theory 123 


This covers the question of the distribution of host and 
parasite in time; but their distribution in space is equally 
important. Here, as before, there may be certain cases in which 
the parasitism by a given species is necessarily limited to a 
certain proportion of the host in a given stage. For example, 
as has been shown, the parasites attacking the egg masses of 


Fig. 2. Distribution of Host and Parasites in Space. N.-B., line representing a 
natural spatial barrier. The vertical lines, e, 1-4, p, represent the distribution 
of the host in space in the egg, first to fourth larval, and pupal stages. The 
solid part of each line, above N.-B., represents the proportion of the total 
host population available for attack by the parasite of the stage in question; 
the broken part of each line, below N.-B., represents the proportion of the 
host population protected by the natural barrier in this stage. Thus, in A, a 
parasite attacking the Ist stage larva might eventually exterminate the 
host; whereas the parasite of the pupa could not do so. Again, if A and B 
represent alternate generations, in which the proportion of host protected in 
the various stages differs to the extent shown, it will be evident that although 
the parasites of the egg, Ist, 2nd and 3rd stage larvae could attack all of the 
host population in any of these stages, in generation, B, in generation A only 
the parasite of the lst stage larva could attack the whole population of the 
host. All of the other parasites would be more or less limited in their power 
of attack in generation A. 


certain injurious insects are unable to oviposit in the eggs 
beneath the external layers. For this reason, as our second 
diagram shows, these parasites can never rise above a certain 
figure in relation to the total population of the host. 

Again, the spatial distribution of the host in the stage 
attacked by a given parasite, may be regularly favorable to the 
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parasite in one generation and as regularly unfavorable in the 
next, in the case of hosts having more than one generation per 
annum. Consequently, the effectiveness of the parasite will be 
constantly reduced in alternate generations. The second dia- 
gram represents also this state of affairs. 

Without taking into account any of the more complicated 
examples which might be given, it will be evident that there 
really are cases, in which the percentage of parasitism by a 
given species may never rise beyond a certain maximum point; 
as the Sequence theory implies. If, in addition, all of the par- 
asitic species attacking a given injurious insect are so limited, 
either in space or in time, or in both, and if, furthermore, the 
maximum percentage which can be destroyed by all taken 
together, in conjunction with non-parasitic factors, is such, 
that the effective reproductive rate of the host is reduced to I; 
then we shall have a case to which the Sequence theory com- 
pletely applies. 

But it is also evident that such cases, far from being the 
general rule, as the Sequence theory implies, are probably rare 
in nature. For although any given parasite may be more limited 
in space and time than the host in the particular stage which 
the parasite attacks, this will not necessarily be true of all of 
the species attacking the host in question; nor even of the 
majority of the members of the parasitic sequence. And as we 
have seen, if one single species in the sequence is not in fact so 
limited in its power of attack, then there is no reason to suppose 
that if it can increase to the point where it destroys an appre- 
ciable fraction of the host population, it will not increase 
further to an extent sufficient to produce what we may term 
for practical purposes, extermination. 

Again, admitting that the population of a given host in the 
country of origin is held stationary by the combined effect of 
parasites and non-parasitic influences, it must still be remem- 
bered that in a new country conditions may be very different. 
The effect produced by the sequence of parasites may be the 
same, but the elimination by non-parasitic causes may be greater 
or it may be less. In the former case, extermination, and not 
merely control, will result; in the latter, the host will continue 
to increase and spread, in spite of the establishment of the 
sequence. Because of the absence of specific secondaries, or 
other causes unfavorable to the parasites; or of the presence of 
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more favorable conditions, the parasites themselves may be 
less restricted in the new environment than they were in the 
old, in which case the parasitic cycle will be completed and 
extermination of the host will occur. Or, again, the parasite in 
the new country may prove to be more restricted than it was 
in its original home; and then the action of the parasites will be 
insufficient to prevent the increase and spread of the host. 

In short, in the opinion of the writer of this paper, the 
‘‘Sequence’’ theory implies the existence of an equilibrium 
between host and parasite, too delicate and too unstable to be 
permanent. 

Nevertheless, the fact that the sequence theory is limited in 
its application does not mean that the introduction of parasites 
forming a sequence is useless or inadvisable. On the contrary, 
there is no doubt that this method—which is only one among 
many brilliant contributions made by Fiske to the study of 
natural control—ought to be followed as far as possible in all 
attempts to bring about parasitic control. But this is not 
because in order to obtain control, we must have a series of 
parasites attacking different stages of the host and working 
together in harmony. It is simply because, by introducing a 
number of parasites, we are more likely to hit upon a species 
whose reproductive rate is equal to or greater than that of the 
host and which for that reason will eventually produce control, 
the parasites chosen being preferably those attacking the host 
in different stages of its development, in order that a conflict 
between species may not result to the detriment of the action 
of the parasites as a whole. 

It is true, as could easily be shown, that if the reproductive 
rates of the several parasites are equal and if they are equally 
unrestricted in their choice of environments, no better results 
will be obtained by the introduction of ‘‘p’’ parasites of one 
species, ‘‘p’’ of a second and ‘‘p”’ of a third, than we obtain by 
introducing ‘‘3p’’ of any one of these; but if their choice of 
environments differs slightly, then the more species we intro- 
duce, the more likely we are to provide parasites fitted to all of 
the various environments in which the host is found. 

Again, curious as this may seem, the mere fact that the 
reproductive rates of different parasites may differ, is also 
extremely advantageous: for it can be shown that ‘‘p”’ par- 
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asites with a reproductive rate of ‘‘a,”’ ‘‘p’’ with a reproductive 
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rate of ‘‘b,” and ‘‘p”’ with a reproductive rate of ‘‘c,”’ will 
overtake and control the host more rapidly—other things 
being equal—than ‘‘3p”’ parasites of one species, whose repro- 
(a+b-+c) 


> 
o 


ductive rate is equal to 


These advantages, though undoubtedly real and important, 
are not those implied in the ‘‘Sequence”’ theory and claimed by 
its author for the method deduced from it. Nevertheless, since 
they exist—since on several grounds the introduction of a 
sequence of parasites of an introduced pest is desirable—it may 
be asked, what real objection can there be, to the ‘‘Sequence”’ 
theory as a basis for practical work; why should we not continue 
to take this theory for granted since the method deduced from 
it turns out after all to be the best method? 

The answer to this is, that the ‘‘Sequence’’ theory as it 
stands is objectionable because of its implication that a sequence 
of parasites is not merely desirable, but absolutely essential, if 
parasite control is to be obtained in any given case. Success in 
practical operations is thus made to depend entirely upon the 
establishment of a perfect sequence; failure is considered to 
imply, that the sequence of parasites is incomplete, from which 
it naturally and inevitably follows that if, after waiting for 
what seems on vague general grounds to be a reasonable period 
of time after the introduction of a number of parasites, control 
does not occur, we feel obliged to conclude that the sequence of 
parasites introduced is still incomplete; and, consequently, 
that more species of parasites must be introduced. 

The fact is, however, that the attainment of control by intro- 
duced parasites primarily depends, not simply and solely on the 
establishment of a perfect sequence, but rather on the ratio 
between the rates of reproduction of the host and the parasite; 
while the time required for control depends, on the one hand, on 
the factor just mentioned and on the other, on the ratio between 
the initial number of parasites introduced and the initial number 
of hosts.* 

In the opinion of the writer, one of the most difficult points 
to realize in connection with parasite work, is the enormous dis- 
proportion which exists between the initial population of the 
introduced parasite and the initial population of the host in 


* Assuming that the ratio between the sexes is the same in host and parasite 
and that only one egg is deposited by the parasite in each individual of the host 
attacked, i. e., neglecting the factor of super-parasitism. 
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the infested area. That this disproportion exists, everyone 
knows. What is difficult to grasp is its significance and more 
especially the fact, that because of it, control may require a 
long period of time; and yet eventually occur to such a degree 
that the host is for all practical purposes exterminated. 

Thus, if at the beginning of the experiment, we have 100 
million hosts and 2000 parasites and if the reproductive rate 
of the parasite is twice as great as the reproductive rate of the 
host, about 15 generations would be required for control, which, 
in the case of an insect like the Gypsy Moth, would mean 15 
years and 71% years in the case of an insect like the Corn Borer. 
Nevertheless, unless the effect of certain factors acting in 
nature were on the whole very unfavorable to the parasite and 
at the same time very favorable to the host, which is on general 
grounds unlikely, control would certainly occur. 

Once this conception of the slow but certain action of a 
specific parasite—a conception lost sight of in the ‘‘Sequence”’ 
theory—has been thoroughly grasped by the entomologist, he 
will not allow himself to become discouraged because results 
are slow to follow the establishment of parasites; and if he has 
observed that the species already introduced are increasing in 
a reasonably satisfactory manner, he will be in no hurry to 
introduce additional species which might possibly come into 
conflict with those already in the field, on the pretext of com- 
pleting the sequence. 

Again, according to the ‘‘Sequence”’ theory, the object of 
the introduction of parasites is primarily to prevent the host 
from increasing further; this object being attained by the estab- 
lishment of a series of parasites whose action will result in the 
reduction of the reproductive rate of the host to one fold. The 
entomologist who takes this theory as a basis for practical work 
will therefore be led to consider his work a failure, if he observes 
that the host continues to increase; and this may also induce 
him to attempt the introduction of additional species whose 
only effect may be to retard the process of control by a conflict 
arising between the new species and those already established. 

But, as has been shown, the attainment of the type of 
control where the host ceases to increase, remaining numer- 
ically stationary, is perhaps in many cases an impossibility. In 
reality, the idea that this is the prime object of parasitic intro- 
duction is at least partially erroneous. The object of parasite 
introduction—or at all events the most probable satisfactory 
result of parasite introduction—is not the reduction of the 
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reproductive rate of the host to such an extent that it thereafter 
remains numerically stationary; it is the extermination of the 
host, for all practical purposes. Finally, the idea that the par- 
asite will affect the multiplication of the host to any per- 
ceptible extent, seems also without any solid foundation. The 
truth is, that even in a perfectly successful case of parasite 
introduction, we may expect the host to go on increasing from 
generation to generation, becoming year after year more 
numerous and increasingly destructive; until it has reached 
a certain maximum point, at which it will suddenly disappear. 
The entomologist who expects that the parasites he has intro- 
duced will arrest the increase of the host is likely to be disap- 
pointed; and if he judges his work to be unsuccessful because 
the host continues to increase and spread, although the per- 
centage of parasitized hosts is constantly rising, he may be 
completely mistaken.* 

We may therefore conclude that the ‘‘Sequence’’ theory 
cannot be considered as a valid general theory of parasitic 
action; since it applies simply to a very limited group of special 
cases, in which we have what may be called for the present, 
‘*blocked cyclical’’ parasitism, since it results from the inter- 
ruption of the multiplication of the parasites at the expense of 
the host, by unfavorable factors, which come into action at the 
precise moment when the effective reproductive rate of the 
host insect has been reduced to unity. That such cases exist in 
nature, cannot be denied. But they are much less important 
for the theoretical study of parasitic action, than pure or unin- 
terrupted cyclical parasitism, of which they are simply 
derivatives. 





*Note.—If, as has been frequently alleged, the behavior of injurious insects 
parasitized in the feeding stage differs in no respect from the behavior of unpara- 
sitized individuals, then parasites will not produce any reduction of damage until 
the extermination point is reached. But Crossman seems to have shown (S. S. 
D. A. Bull. No. 1028, March 13, 1922) that larvae of the Gypsy Moth parasitized 
by A panteles melanoscelus have a feeding capacity of only one-third to one-half 
that of normal individuals; from which it follows, that in such cases, toward the 
upper end of the parasitic cycle, when the percentage of parasitized hosts is high, 
the amount of damage done by the injurious insect will be considerably less than 
it would be, were all the larvz of the host healthy. Nevertheless, as the numbers 
of the host continue to increase, the actual aggregate damage in a generation 
where 50 per cent of the hosts are parasitized, may be greater than in the preceding 
where only 30 per cent were parasitized, the increase in the number of hosts being 
only partly compensated by the reduction in the feeding capacity caused by the 
increase in the proportion of parasitized hosts. A reduction in aggregate damage 
would thus only occur when the reduction in feeding capacity more than compen- 
sates the effect of the increase of the host; although, other things being equal, 
if the increase of the hosts manifests itself in spread rather than in increased 
concentration, the damage per unit area may fall, as a little reflection will show. 





THE LIFE HISTORIES AND STAGES OF SOME HEME- 
ROBIIDS AND ALLIED SPECIES (NEUROPTERA)* 


RoGeER C. SMITH. 


Hemerobiids, which are very closely related to the Chryso- 
pids, were frequently observed by the writer in his study of 
the Chrysopids, and he early undertook their study as oppor- 
tunity was afforded. The account here given follows the general 
plan used in the discussion of the Chrysopids (Smith, 1922B) 
and where characteristics are practically identical, the reader 
is referred to this paper for further details. 

This account is based on random collections and rearings 
covering a period of about six years. The greater part of this 
work, including the making of the photographs, was done while 
the writer was connected with the Bureau of Entomology, 
Division of Cereal and Forage Insects, at the Charlottesville, 
Virginia, laboratory. The notes and photographs made at that 
time are used with the kind permission of Mr. W. R. Walton, 
Chief of the Division, and Mr. W. J. Phillips, Director of the 
laboratory. Further collections and rearings have been made 
at Manhattan, Kansas.t 

These families of insects are unfamiliar to most people, since 
they are rare in nearly all localities. They are, however, widely 
distributed in the tropical and temperate zones, occurring, as 
far as known, all over the United States. They are of import- 
tance chiefly because of their destruction of plant lice and 
other small, soft bodied forms for food which makes them pre- 
dominately beneficial, and also because of their phylogeny, 
morphology, and life histories. 

There has been some question for many years, as pointed 
out by Tillyard (1916), as to what constituted a Hemerobiid. 
The genus Hemerobius as used by Linnaeus (1758) included in 
addition to some Hemerobiids and more closely allied forms, 


* Contribution No. 86, from the Entomological Laboratory, Kansas State 
Agricultural College. 

+ The writer wishes to acknowledge his indebtedness to Mr. S. Fred Prince, 
for the plate of drawings; to Messrs. Edgar Davis and Charles Hadley for assist- 
ance in collecting and rearings; to Dr. Nathan Banks for identifications at various 
times of all species mentioned. 
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some Sialids, Chrysopids, a Psocid, and similar forms. These 
more distant forms were soon removed and made the basis of 
families. This process of removal of species or genera and rais- 
ing them to families has followed additions to our knowledge of 
the species. More recently the following families have been 
removed from what was included in the Hemerobiidz in Bank’s 
Revision (1905), the Sisyride, Sympherobiide, Dilaridze, Bero- 
thide, and the Polystoechotide. Tillyard (1916) defined the 
family and its relatives, since which Comstock (1918) removed 
Lomamyia and Sympherobius and placed them in separate 
families because of their venation. 

Because of superficial resemblance, most species of these 
families may be confused with some Chrysopids, especially 
Ereomochrysa, some Trichoptera, and certain small moths. 
Upon close scrutiny, however, the coloration, morphology, and 
manner of flight will be found to be distinctive. These insects 
are often called ‘‘ Brown lace wings’’ or ‘‘smaller lace wings,”’ 
while the Chrysopids are known as ‘‘green lace wings,” or 
merely ‘‘lace wings.’’ They are, however, so similar to the 
Chrysopids in habits and life history that in discussing them, 
a comparison with these better known insects will probably be 
the best system to follow. 

The chief contributions to our knowledge of these families 
are contained in the writings of Fitch, Hagen, Banks, Moznette, 
Tillyard, and Comstock: Moznette (1915) has given the only 
account of a life history. 


The facts and discussions here presented are based on the 
collections and rearings indicated in Table I. 
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TABLE I. 


Localities and Some of the 
Collection Dates 





Life Histories of Hemerobiids 


Habitat or Plant 
|} on Which Taken 


Stages 
Seen 





Lomamyia 














Manhattan, Kans., 6-16-20; | 











Oak Adult and 
flavicornis Walk. 6-17-20 Egg 
Hemerobius 
conjunctusFitch.| Charlottesville, Va., 10-2-19 | Pine Adult 








Hemerobius 
humuli Linn. 
































Hemerobius 
Stigmaterus 
Fitch. 
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Sympherobius 
amiculus Fitch. 




















Sym pherobius 
barberi Banks 

















Ithaca, N. Y., 7-31-16; 9-10-16} Oak, spiraea 


Charlottesville, 
4-23-19 


Va., 


Manhattan, Kansas, 9-18-20; 


6-26-22 


Ithaca, N. Y. (No collection 


data) 


Charlottesville, Va., 11-24-19 


Manhattan, Kansas, 
5-6-21; 6-13-20; 6-17-21 


Charlottesville, Va., 4-28-19; 


6-9-—20; 6-17-20 
Manhattan, 
Manhattan, Kansas, 


23-22 


4-8-19; 


4-7-20; 


Kansas, 6-12-20 


7-7-20; | 
10-14-20; 5-12-20; 7-22-20; 


Oak, apple, elm, 
spiraea 
Pine; alfalfa 


Oak, apple, 
alfalfa 


Oak, pine, alfalfa 


Apple 
Oaks 


Oak and alfalfa 


All stages 


All stages 


All stages 


All stages 





Micromus 


posticus Walk. 




























and shining; 









very fine striations on the surface. 
tions are connected in the form of hexagons, giving the appear- 
ance of a minute hexagonal network covering the egg. 


Ithaca, N. Y., 94-16; 10-1-16; 


7-31-16 
Charlottesville, 

7-8-19; 5-30-19 
Manhattan, 

10-10-20; 6-26-22 


Va., 7-3-19; 


Kansas, 3-5-20; | 





Oak 


| Apple 


Oak and alfalfa 


DESCRIPTION OF EGGS. 


All stages 


The eggsof the above species (see Plates V-VII) are elongate- 
elliptical in shape, being approximately twice as long as the 
greatest diameter, and without stalks. 


At the anterior end 


there is a fairly prominent, white, button-like micropyle. 
surface is smooth, except that in most species there is a series 
of minute, raised, oblong, whitish, somewhat gelatinous flecks 
or reticulations arranged in regular rows. 
reticulations are absent, the chorion appearing perfectly smooth 
the pearly iridescence, however, may indicate 
In Lomamyia the reticula- 


The 


In M. posticus these 
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The color varies both with the genera and the stage of 
embryonic development. The eggs are predominately grayish 
in color, with a tinge of yellow. In eggs of Lomamyia there is 
a tinge of purple or maroon observed. The eggs of M. posticus 
are predominately pink. 

The eggs are glued to the substratum on the dorsum, or what 
will be the dorsum of the embryo. The chorion here is smooth, 
lacking the reticulations and surface markings found on the 
upper surface. It is apparently thinner, more transparent, and 
gelatinous, which causes the egg to adhere so securely that it 
is frequently torn or crushed in an effort to remove it. 

The eggs are not often found in the open. The writer has 
found them on apple buds (Fig. 4, Pl. V) in pits and crevices of 
bark, around buds or near ends of twigs, and on leaves infested 
with aphids. They may be confused with some Syrphid, eggs, 
which are deposited in the same habitat. However, these 
Syrphid eggs are usually larger and the surface markings are far 
more prominent, approximately six times the size of those on 
Hemerobiid eggs. They can be readily distinguished from eggs 
of our known Chrysopids in that the latter are borne on long 
hyaline stalks. The eggs proper are slightly smaller but of the 
same shape as the Chrysopids. 

HATCHING, 

The writer (1922) has described hatching in Micromus 
posticus, and there is no essential difference in the manner of 
hatching in the different species studied, all making use of a 
specialized knife blade structure to rupture the chorion (See 
Figs. 3 and 4, Pl. V). The distinctness with which the burster 
can be seen just before hatching varies somewhat. In some 
instances it is rather indistinct, but generally it is prominent, 
resembling a small thorn beneath the chorion. The bursters of 
the different genera differ somewhat though they are of the same 
general type. The hatching process is very similar to that of the 
Chrysopide. The black eyes of the embryo are generally quite 
distinct before hatching (Fig. 3, Pl. VI). During the hatching 
process, a rhythmic pulsating of the dorsum of the head can be 
observed. This may be an accessory pulsating center, function- 
ing to assist in the circulation of the blood, but it either ceases 
or is no longer visible externally after the cuticula hardens. 
It may also assist in pushing the burster through the chorion. 
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DESCRIPTION OF LARVAE. 


Larvae of these species resemble chrysopid larve rather 
closely. They are somewhat shorter, being 4 to 7 mm. in 
length, and noticeably more slender, being only 0.4 to 1.5 mm. 
wide at the metathorax. They are often described as spindle- 
shaped, being broadest in the middle and tapering at both ends, 
especially at the posterior. The colors do not develop until the 
larve are about five hours old, and then only faintly. The 
predominant color in newly hatched larvae is gray or smoky 
gray. The spots are usually some shade of red, varying from 
very light pinks to deep reds. Occasionally a tinge of purple 
or a shade of brown may be noticed. The coloration is influenced 
somewhat by the viscera and intestinal contents also. 

The head is somewhat smaller in proportion to the size of the 
body than in Chrysopid larve, being 0.3 to 0.5 mm. in width at 
the eyes in fully grown larve. The eye spots, which contain 
five circular ocelli very unequal in size, are located in a prom- 
inent black spot at the outer anterior margins of the head. 
The jaws are quite stout at the base and extend usually more 
nearly straight forward than in the Chrysopide, and then bend 
rather sharply mesad near the tips. The antenne are relatively 
shorter and stouter than in those of Chrysopid larve. They 
consist of two or three very unequal segments, the distal 
segment being pointed but not always bearing a seta. The 
labial palpi are three segmented, the terminal segment being 
pointed instead of rounded as in the Chrysopide. The dorsal 
head markings vary in the different instars and in the different 
genera. There is usually a black or dark, smoky gray border 
at each side of the head and a black median bar, otherwise 
the head is light gray. The head of young larve is either a 
uniform smoky gray color, without definite markings dorsally, or 
there are three more or less triangular black spots separated by 
light gray areas. 

The body is divided as in the Chrysopide into three thoracic 
and ten abdominal segments, each of which is more or less 
distinctly divided into a small anterior and a much larger 
posterior subsegment (Fig. 1, Pl. V). The prothoracic sub- 
segments are very much more elongated than in the Chrysopidz 
known to the writer. The larve, because of this elongated 
prothoracic segment, appear to have a prominent neck. The 
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first abdominal segment is more nearly comparable to the other 
abdominal segments than in the Chrysopide and is, therefore, 
readily distinguished. The posterior abdominal segments are 
modified similar to those of the Chrysopids into a tapering 
tubular structure which is used for walking. 

The dorsal blood vessel is plainly visible in the mid-dorsal 
line as in the Chrysopids. The lateral tubercles, so prominent 
in most Chrysopids are exceedingly small and inconspicuous or 
entirely lacking in the Hemerobiids studied by the writer. 
There are, however, a few short and indistinct sete on the 
pleural lobes. 

It has often been stated in the literature and accepted by 
some entomologists that Hemerobiid larve are trash carriers 
(Sharp 95, Fig. 311). No Hemerobiid larve studied by the 
writer have exhibited this habit and in no published accounts 
of life stages have there been described the well-defined packets 
characteristic of some species of Chrysopide (Smith, 1922, B). 
The morphology of the larve does not suit them to trash or 
packet carrying. The absence of the long, stout, dorsal and 
lateral setz, the short dorsal-hooked setz, and the lateral 
tubercles of the characteristic trash carrying Chrysopids would 
indicate that the Hemerobiids are not trash carriers as the term 
is commonly used. 

The chief point of interest in connection with the legs of the 
Hemerobiids is that the fairly prominent trumpet-shaped 
pulvillus (Fig. 2, Pl. V), which is so conspicuous in Chrysopid 
larvee is present only in the first instar and may possibly offer a 
clue for identifying the instar. 

The Hemerobiid larve have a distinctive manner in walking 
and running. The head sways or is jerked rapidly from one 
side to the other as they proceed. The tail is usually held 
stiffly horizontal, but is brought into use in climbing. There is 
present a gelatinous anal secretion as in the Chrysopids. The 
larve can run relatively rapid. 

The mid intestine is closed behind as in the larve of closely 
related families, and no excrement is voided until the adult 
stage. Silk is spun from the anus for building the cocoon. 

Molting is almost identical with that described for the 
Chrysopids. Immediately before molting, the cuticula appears 
dull. The sete are shrivelled. The head is somewhat dis- 
torted, the posterior portion being broader than it was earlier in 
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the instar. The black eye spots migrate posteriorly and are 
found near the middle of the side of the head (Fig. 2, Pl. I). 
A drop of heavy gelatinous fluid from the anus holds the end 
of the abdomen fast, enabling the stretching movements to take 
place. The species studied by the writer, and according to 
Moznette (1916) Hemerobius pacificus molt three times in 
addition to the embryonic molt at hatching, the last molt 
occurring in the cocoon. 

The larve were fed plant lice, which they ate readily, but 
the smaller aphids were found to be preferable for rearing. 
The following were fed in these rearings: Rosy and green apple 
aphids and aphids from spiraea, snow-ball, cabbage, elm, and 
pine. The feeding process was practically identical with that 
of the Chrysopids. The Hemerobiide, however, were more 
cowardly in attacking aphids than were Chrysopid larve. 
They were frequently frightened away by the slightest move- 
ments of plant lice. The larve were also cannibalistic, devouring 
the eggs and larve of their own or related species. However, by 
abundant feeding, as many as ten larve of H. humuli were 
reared to adults in the same vial. 

The larve were taken only a few times in the open, viz., 
on apple leaves and on spiraea, and by sweeping alfalfa. 
In collecting, because of their food habits, they would naturally 
be sought on aphid-infested plants. They are inconspicuous 
both in color and size, and often hide in curled leaves and leaf 
or flower clusters. 

The identification of the larve is difficult. As an aid in 
classification, the spots on the head, the size and shape of the 
larva, the coloration, including shade of colors, and the size and 
arrangement of the spots on the body are of value. The 
genera are readily recognized, but the species are very difficult 
to distinguish. 






























SPINNING THE COCOON. 





The larve which are full grown after a minimum of eight or 
ten days, generally seek a somewhat protected place and spin 
white, rather flimsy cocoons in which to pupate. Some larve 
do not spin cocoons, but curl up (Fig. 7, Pl. VI) and undergo 
their transformation outside a cocoon. By observing its size, 
the lobed appearance of the sides, and the somewhat distended 
abdomen due to the silk secretion, one can usually predict when 
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a larva will spin. It also ceases feeding for a short time prior 
to spinning, and can often be readily tumbled about in the vial. 
The larva first spins a frame-work of small, white, silk threads 
and occasionally much time and silk is wasted in finding suitable 
attachments. No general spinning pattern is discernable. 
The cocoon at the start is much larger than appears necessary 
to accommodate the prepupa. At first the threads are loose 
but gradually become taut as threads are attached one to 
another. The larva generally holds the threads in contact 
for an instant and appears to press and seal the two together. 
The threads do not adhere to any part of the body. 

After making this outer or foundation cocoon, it begins to 
spin the inner or cocoon proper. This is much smaller and 
uniformly oblong in shape. Many of the threads of the cocoons 
of H. humuli and Micromus posticus are two or more times the 
size of other threads. This difference in size of threads is due 
to the prepupa slowly retracing certain of the threads and 
depositing an additional layer of silk, an act which may be 
repeated several times. The meshes are rather large and are 
three, four, or five sided. The cocoon at best is flimsy and a 
poor protection. They are occasionally found in the open in 
curled leaves, or in flower or leaf clusters. 


THE PUPA. 


The pupa resembles the adult rather closely, though the 
wings are compressed into small pads. As development pro- 
ceeds, the body coloration, which suggests in many cases the 
old larval coloration, appears. The pupa leaves the cocoon 
after a period of seven to ten days. It does not leave the 
cocoon through a neat, circular opening as in the Chrysopids, 
but it bursts the end by tearing the threads and pushing the 
ends outward, leaving a jagged, irregular opening (Fig. 8, Pl. VI). 
The pupa immediately seeks to climb up some support to molt. 
It finds a suitable place, braces itself head always upward, and 
begins the expansive movements. In a few minutes the 
abdomen is freed and is shifted forward, causing the cuticula 
to tear in the mid-dorsal line over the prothorax. The tear 
extends forward to the bases of the antennez, and the body is 
slowly withdrawn. The wings expand in about twelve minutes. 
In an hour or less it voids the black mass of excrement stored 





























1923] Smith: _ Life Histories of Hemerobiids 137 





up during the larval and pupal stages. Two hours after the 
emergence the coloration of the wings is practically normal. 
In rearings, the pupal molt is the most critical stage in the 
life of Hemerobiids and rather large numbers failed to shed this 
molt. If no support is found for them to mount and brace 
themselves for the stretching process they become so weakened 
after a few hours that they cannot molt, and eventually die. 
Providing supports for them and a drop or two of water daily 


during the pupal stage materially reduced the fatalities in 
rearings. 


THE ADULT. 





Adults require and accept food as do the Chrysopids. In 
rearings they were usually fed small aphids, especially the green 
and rosy apple aphids, which they ate readily by crushing them, 
sucking up the body fluids and generally devouring the skin 
also. The palpi hang downward during the eating process and 
are thus out of the way. The writer observed an adult H. 
humuli devour a young Syrphid larva. Circumstantial evi- 
dence, such as exhausted or crushed eggs frequently found in 
batches deposited by a female over night, supports the view 
that they may devour or suck the contents from their own 
eggs. They relish water daily and may be fed for rather long 
periods on dilute sugar water which they take readily. The 
adults clean their pulvilli frequently when walking about in a 
vial. This is accomplished apparently by biting them with the 
jaws. They void rather frequently brownish or black, some- 
times watery excrement containing recognizable parts of aphids. 

Some adults’ of the genus Hemerobius deposited eggs freely 
in confinement. As a rule, however, they either failed to 
Oviposit or rarely deposited more than thirty or forty eggs. 
A female of H. humuli was observed to deposit 460 eggs, the 
largest number obtained from one female in these rearings. 
This individual was captured and this number may, therefore, 
not represent all that she deposited. 

Oviposition was observed many times in these rearings. A 
very noticeable feature of females ready to oviposit is the large 
and much distended abdomen. The abdomen may assume a 
salmon or light amber coloration between the sclerites because of 
the eggs within. They walk about excitedly, stop suddenly, and 
bend the abdomen forward, arching it in the middle. The egg 
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appears quickly at the vulva, micropyle end last, and is 
deposited flat on the substratum to which it adheres. The time 
required for this performance is but a few seconds. 

The sexes are readily distinguished in the Hemerobiide. 
The males have rather prominent external copulatory append- 
ages which have been figured largely by Banks (1905) and are 
used in their identification. The female genitalia resemble 
those of the Chrysopids. 

Females begin ovipositing about five days after emergence 
from the cocoon. A female of M. posticus emerged September 
29th, 4:50 P. M., was mated the next day, and the first egg was 
observed October 4th, 12 M. The following day this individual 
deposited 58 eggs. 

Adults can best be collected by beating the limbs of trees and 
catching the adults as they fly, or by sweeping the branches 
with an open net and carefully sorting over the contents. 
Practically all adults taken in these studies were collected in 
this way. 

Among the more striking adaptations that have been noted 
in this family is the death feigning of the adults. The attitude 
is distinctly different from that assumed at death, as is the case 
in most other insects. The head is bent ventrad and the antenne 
bent downward and directed posteriorly between the legs along 
the venter of the thorax, evidently a measure making for the 
protection of these important appendages. The legs are drawn 
up stiffly under the body and are quite rigid. The wings remain 
rooflike at the sides of the body. In this condition the adult may 
be tumbled about in the vial. On several occasions a start was 
made to pin individuals before they came out of the feint. A 
sudden jar, as suddenly picking up a vial containing an adult, 
or dropping it, may cause it to assume a death feigning position. 
Sweeping the branches of trees often causes them to drop into 
the net in a feint. This is not a sign of weakness, for feigning 
individuals are vigorous when they come out of the feint. The 
conditions may last for only an instant or may be prolonged. 
The repellent odor characteristic of many of the Chrysopids 
was not observed in the Hemerobiids. 

It was observed that adults often rest with their head and 
antenne upon the substratum as if they were tired of holding 
them up. Another interesting feature is the ability of the adults 
to jump in a manner similar to a grasshopper. They jump 
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rather quickly and may cover several inches. They sometimes 
leap into the air upon coming out of the feint, reminding one of 
an Elaterid. 


The writer has never observed copulation in any species, 
and no data have been obtained on hibernation. The adults 
may be collected very early in the year—as early as February 
28th at Manhattan. This would indicate that they overwinter 
either as prepupe or adults. Practically no data is available on 
the number of generations. They have been collected plenti- 
fully in April, May, and June, but they have also been taken 
up to September, leading one to believe that in some species 
at least there are two or three generations. 


LIFE HISTORIES AND DESCRIPTION OF DIFFERENT 
STAGES OF SOME SPECIES. 


The following is a brief description of life histories of a few 
species which were carefully carried through and upon which 
the data are fairly complete. Certain incomplete life histories, 
with the exception of Lomamyia flavicornis are not included 
because it is hoped that more data upon these may be obtained 


in the near future. 


Lomamyia flavicornis Walk. (Family Berothidz). 


Two adults, a male and gravid female, were taken by beating 
oaks along Wild Cat Creek, June 16, 1920. One infertile egg 
was deposited which shriveled in a few days. 


Egg.—Elongate, elliptical, slightly larger towards the anterior pole, 
unstalked with white, rather prominent button-like micropyle; gray 
in color, but with a tinge of yellow and purple or wine color. In certain 
lights it appears light amber in color and slightly shining. Chorion 
under high magnification shows a minute but definite hexagonal net- 
work of raised reticulations over the entire egg, except the dorsum, so 
that egg appears rough; hexagons apparently true though some approach 
circles. Glued to substratum by smooth, shining, gelatinous dorsum. 
Total length, 0.75 mm., greatest diameter, 0.325 mm. 


Hemerobius humuli Linn. (Family Hemerobiide). 
Plate VI. 
This was the most common species encountered by the 
writer while collecting near Ithaca and Charlottesville. During 
April, 1919, this species was found in larger numbers in an 
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apple orchard adjoining the U. S. Entomological Laboratory 
at Charlottesville than had ever before been noted for any 
member of the family. The buds were bursting at this time 
(Fig. 1, Pl. VI) and the young leaves had just appeared. The 
rosy apple aphids and the green apple aphids were fairly plen- 
tiful. A number of gravid females were collected from which 
rearings were made. At Manhattan this species is quite rare, 
this probably being near its western limit. 

The life history from indoor laboratory rearings of this 
species may be summarized as follows: 


Average period of egg stage (152 eggs), 5.4 days. 

Average period of first instar larva (12 larve) 2.75 days. 

Average period of second instar larva (12 larva) 4 days. 

Average period from second molt to spinning (11 larva), 2.5 days. 

Average period from hatching to spinning (34 larve), 9.7 days. 

Average period from spinning to pupation (8 larva), 6.1 days. 

Average pupal period (6 pupz), 9.8 days. 

Average period from hatching to emergence of adult (61 life histories, April 

and September), 25.2 days. Longest period 27 days; shortest, 17 days. 

The Egg. —(Fig. 2, Pl. VI). Elongate, elliptical, gray in color except 
where contents appear cloudy; chorion shining, smooth, with regular 
rows of minute blunt processes or flat topped elevations slightly irregular 
in shape and size; processes gelatinous when first deposited; micropyle 
prominent, pure white, button-like; total length, 0.416 mm., greatest 
diameter, 0.184 mm. 

First Instar Larva (almost two days old).—Head largely translucent, 
tinged with yellowish gray; eyes black, antennz stout, annulated, 
brownish in color; jaws grayish, except tips which are brownish. Dorsal 
color pattern indistinct, slightly darker at sides with greenish spot in 
middle. Thorax with gray borders. Dorsal vessel prominent, reddish 
in color with gray or translucent border. Between this and the gray 
of the sides is a series of paired brownish red or maroon spots. This 
series of spots extends back to third abdominal segment inclusive. 
Segments 4 to 10 faint translucent, yellowish. Lateral border of 
abdomen gray. Two pairs of single sete on each segment, except 
tenth, arising from small pinkish papille. Legs hyaline with black 
rings at end of each femora and proximal border of coxz; coxze marked 
with three slender black rings which converge behind; tibize dark, 
tarsi nearly black. Length, 2.56 mm.; width of metathorax, 0.44 mm.; 
width of head capsule, 0.26 mm.; length of jaws, 0.24 mm.; length of 
antenne, 0.48 mm. 

Second Instar Larva (about twelve hours after molt). (Fig. 6, Pl. 
VI).—Almost identical with the third instar, except in size and depth 
of color. Head hyaline, smoky longitudinal stripe in median line, 
uniform in width; jaws, palpi, and antenne smoky gray, except for 
amber color of first segment of antennez and tips of jaws; eyes black, a 
dark reddish stripe behind each eye to the prothorax. Thorax gray 
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bordered, a pale brick red to maroon series of spots from prothorax to 
ninth abdominal segment appearing as a stripe on each side of prominent 
but almost colorless dorsal vessel; very faint reddish on prothorax, then 
red, finally dark red, even blackish, due to food in the mid-intestine, on 
second and third abdominal segments. Dorsal vessel with gray to white 
borders separating it from the two prominent series of dorso-median 
red spots. Four pairs of minute lateral setze on each abdominal segment, 
the most posterior one the largest. Legs asin previousinstar. Length, 
4.56 mm.; width of head capsule, 0.4mm.; width of metathorax, 
0.72 mm. 

Third Instar Larva (grown, near spinning). (Fig. 5, Pl. VI)—Head 
yellowish to light amber with a prominent dark mid-dorsal longitudinal 
stripe; eyes black; a dark reddish black lateral stripe from each eye to 
prothorax; antennz and palpi amber but appear dark because of annula- 
tions; jaws brownish; palpi about as long as jaws. First subsequent 
of prothorax half as long as broad, gray to faint yellowish gray, crossed 
longitudinally by two dark violet or purplish red stripes which appear 
to be a continuation of those behind the eyes; second subsequent of 
prothorax grayish with faint yellowish tinge, the two purple stripes 
continuing over the dorsum but stop at the apodemes. First subseg- 
ment of mesothorax one-fourth as long as broad, grayish in center, 
yellowish tinge on sides, the two purplish stripes much faded; second 
subsegment gray with yellowish tinge, the two purplish stripes form two 
triangles with apices at apodemes, behind which the segment is gray. 
First subsegment of metathorax one-fourth as wide as long, grayish in 
color, crossed by two dorso-lateral purplish bands; second subsegment 
like corresponding part of mesothorax.. Abdomen and borders of dorsal 
vessel yellowish gray on sides between which the purplish stripes extend 
as two series of triangular spots with bases at anterior borders of the 
segments; spots on segments | to 4 distinctly triangular; segments 5 to 8 
similar but with apices of triangles broader, forming more distinct 
stripes; segments 9 and 10 purplish with narrow, yellow border. Dorsal 
vessel distinct, extending from first subsegment of metathorax to eighth 
abdominal segment, broadening out about one-third the distance to the 
border of the next segment. Pleura without tubercles; three to five 
small inconspicuous single blunt setz present. Legs as before. Total 
length, 4.9 to 7.6 mm., width of metathorax, 0.84 to 0.96 mm.; width of 
head capsule, 0.48 to 0.56 mm. 


Cocoon and Pupa (Figs. 8 and 9).—Cocoon normally white, silken, 
oblong with many of the threads double in size. No distinctive char- 
acters were observed in the pupe. 


Hemerobius stigmaterus Fitch. (Plates V and VI). 


This species was collected at Ithaca, Charlottesville, and 
Manhattan, but was never found in large numbers. Rearings 
were made chiefly from collections made at Manhattan. It 
was difficult to carry this species through its entire life cycle. 
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The following is a summary of the life history from indoor 
rearings: 

Average period of egg stage (42) eggs), 5.2 days. 

Average period of first instar (12 larve), 3.4 days. 
Average period of second instar (5 larve), 3 days. 
Average period from second molt to spinning (6 larve), 3.5 days. 
Average period from spinning to pupation (4 prepupz), 7 days. 
Average period from pupation to emergence of adult (4 cases), 5.2 days. 


The Egg.—Elongate-elliptical, light yellowish or gray with yellowish 
tinge; micropyle a prominent, raised, button-like structure, white in 
color; chorion dotted with undulating rows of minute or microscopic 
elongate, white, raised, rounded spots between which the chorion is 
smooth; greatest length, 0.53 mm.; greatest diameter, 0.27 mm. 

First Instar Larva—Color almost uniformly gray. Head smoky 
gray with three large, pale, dark reddish dorsal spots, separated by 
narrow light gray areas. Body gray, the brownish spots of second instar 
appearing in latter part of instar. Region of mid-intestine almost 
black, due to recently ingested food. Legs rather long, hyaline except 
darker at tips of trochanters, bases of femora and tips of tibiz; tarsi 
black with two short claws and a prominent trumpet-shaped pulvillus 


between them. Total length, 2.53 mm.; width of head, 0.26 mm.; 


width of metathorax, 0.33 mm. 

Second Instar Larva.—Head gray with narrow black bands on each 
side and a black diamond-shaped bar in mid-dorsal line; eyes black; 
jaws and antennz quite dark. Body gray with chestnut brownish 
markings in form of quadrilateral spots each side of the dorsal vessel 
on the second subsegments of the thorax, but either absent or indistinct 
on the first subsegments; a pair of triangular reddish brown spots on the 
first to eighth abdominal segment; dorsal vessel prominent, black from 
mesothorax to fourth abdominal segment, lighter beyond. Legs 
hyaline; femoral joints dark; tarsi black; pulvilli short, not trumpet- 
shaped. Five pairs of short, inconspicuous sete dorsally and seven 
pairs at sides of body. Total length, 3.68 mm.; width of head, 0.34 mm. ; 
width of metathorax, 0.6 mm. Resembles the third instar so closely 
that it was repeatedly not observed in rearings. 

Third Instar Larva——Same general pattern as the second instar, 
except colors darker and more distinct. Head, including the jaws, 
antennz and palpi very dark, smoky, but with amber tinge; median 
black bar prominent; eyes black; region behind eyes black; antennz 
three segmented and ending in a short seta. Body smoky gray with 
two broken dorso-median series of dark brownish red, or purplish red 
in color; on prothorax the spots become elongated stripes; on meso- and 
metathorax there are two pairs of quadrilateral spots, triangular on the 
first five abdominal segments and merged into one large spot on the 
sixth to eighth segment inclusive; the last two segments dark purplish 
red above. Dorsal vessel conspicuous, with gray border on each side; 
abdomen gray bordered except for a row of small purplish spots at the 
extreme outer border; 4 or 5 very short inconspicuous setz on each side 
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of each segment; four dorsal pairs of inconspicuous setz. Legs amber, 
darkened as in previous instars. Width of head, 0.46 mm.; width of 
metathorax, 1.26 mm.; total length, 6.5 mm. 


Pupa and Cocoon.—Cocoon flimsy, white, silken; no doubled threads 
observed as in H. humuli. No distinctive pupal characters. were 
observed. 


Sympherobius amiculus Fitch. Family Sympherobiidae Plate VII. 
(“The little friend lace wing’’) 


This species was first described from New York. It was 
taken both at Charlottesville and Manhattan by the writer. 
Practically all the rearings and life history observations were 
made at Charlottesville. The writer has also taken S. barberi 
at Manhattan and reared it, but the observations are incom- 
plete. The stages observed closely resemble those described 
for S. amiculus. Because of its very small size and delicacy, this 
was the most difficult of all species studied to rear. The slight- 
est injury proved fatal. Only adults have been collected in the 
open and they were rare. 


The life history from laboratory rearings may be summar- 
ized: Egg stage (46 eggs), 9.15 days; larval stage to spinning 
cocoon (9 larve), 22.2 days; spinning to pupation (7 pre- 


pupe), 4.14 days; pupal stage (8 pupez), 5.87 days; from 
oviposition to adult (8 life histories), 40 days. 


The Egg (one day after deposition). (Fig. 8, Pl. VII).—Oblong 
ovate, lower end slightly enlarged, grayish amber in color, later becoming 
pinkish, shining, regularly reticulated; reticulations minute, oblong, 
white, raised, round topped spots, somewhat irregular in shape and size, 
but apparently regular in position; micropyle white, very small, pro- 
portionately smaller than in eggs of other species observed; attached to 
substratum on dorsum total length, 0.29 mm.; greatest diameter, 
0.145 mm. 


First Instar Larva.—Head smoky, subtranslucent; border behind and 
in front of eyes black, shading off gradually towards center of head 
which is unmarked except for faint suggestion of outline of a longitudinal 
black band in lighter shade; palpi, antennz, and jaws hyaline, tinged 
with smoky; tips of jaws slightly tinged with amber; palpi almost as 
long as antennz; basal segments of both outlined in black, ending in 
bristle-like points. Thorax and abdomen distinctly pinkish gray to 
red; marked at sides with very light grayish pink; sutures red; middle 
of thorax and anterior part of abdomen light orange, due to food; ninth 
abdominal segment black; numerous minute short, blunt, lateral and 
dorsal setze; a pair of dorso-lateral setze on each segment with whitish 
bases. Total length, 1.127 mm.; width of head, 0.184 mm.; length of 
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jaws, 0.115 mm.; length of antennz, 0.207 mm.; width of metathorax, 
0.207 mm. 

Second Instar Larva (one day after molt).—Head largely black; a 
longitudinal smoky bar in mid-dorsal line, widest in front, tapering 
abruptly posteriorly to a point, bordered by grayish translucence; eyes 
black; thorax and abdomen largely without color pattern, except food 
and visceral color tinges; predominately grayish with a distinct pinkish 
tinge; fairly prominent and conspicuous grayish lateral lobes present in 
thorax and abdomen but no lateral tubercles present. In lateral view 
the prominent lobes are in middle of segment; three grayish spots on 
lobes of abdomen. Larva unusually short and compact; legs hyaline, 
very small in size, femora with black rings, tibia smoky. Length, 
2.81 mm.; width of head, 0.34 mm.; width of metathorax, 0.56 mm. 

_ Third Instar Larva (ready to spin, 18 days old).—-Head very dark, 
marked by a black longitudinal mid-dorsal bar bordered by amber; 
eyes black; black behind eyes; head appendages dark brownish to black. 
Thorax mottled gray and light purplish; first subsegment of prothorax 
less than twice as long as broad with purplish tinge, gray in mid-dorsal 
region; second subsegment still broader, grayish; apodemes brownish; 
two dorso-median mottled reddish purple and gray bands begin 
indistinctly on second subsegment and increase in intensity posteriorly 
over abdomen; dorsal vessel inconspicuous, appearing as a dark line from 
mesothorax; sides of body with prominent gray lobes; segments 2 to 4 
darker because of excrement in mid-intestine; segments 9 and 10 amber 
with dark patches above; few small scattered setz at sides of body, 
some ending in small knob; last three segments have 3 pairs of setz each 
along posterior borders; legs conspicuously small, appear out of propor- 
tion to body, smoky gray in color; two claws with inconspicuous pulvillus 
between. Total length, 4.8 mm.; width of head capsule, 0.46 mm.; 
width of metathorax, 1.00 mm. 

* Cocoon and Pupa (Figs. 12 and 13).—Cocoon of reared larva white, 
flimsy; all threads about the same diameter, none doubled at spinning; 
cocoon appears larger than necessary; head and tail only slightly flexed; 
cocoon may be completed in 5 hours. The writer has not studied the 
pupa. 


Micromus posticus Walk (Plate VII). 


This species has been taken at Ithaca, Charlottesville, and 
Manhattan, but it was rare at all places. It was taken by 
beating trees and sweeping alfalfa. This is slightly larger than 
the other species discussed. The larve are easy to rear and 
readily identified. 


Table II contains a few typical life histories: 
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TABLE II. 





Date Egg Laid | Date Hatched Spun Pupated Emerged 
Sept. 7 Sept. 11 Sept. 16 Sept. 21 Sept. 28 
Sept. 8 Sept. 12 Sept. 19 Sept. 22 Sept. 28 
Sept. 7 Sept. 11 Sept. 16 Sept. 17 Sept. 27 
Sept. 11 Sept. 15 Sept. 23 Sept. 27 Oct. 12 





The Egg (Fig. 5).—Distinctly pink in color, often a salmon pink, 
varying in intensity with stage of development; shining, iridescent or 
with an oily sheen; elongate ovate; micropyle white; without reticula- 
tions of any kind; usually glued fast on dorsum; length, 0.66 mm.; 
largest diameter, 0.40 mm. 

First Instar Larva (one day old).—Head hyaline, slightly smoky; 
antennz, jaws, and palpi hyaline, slightly smoky; tips of jaws amber; 
eyes jet black, a brownish hand extending posteriorly from each; faint 
outline of median bar outlined in smoky gray in mid-dorsal region; two 
large smoky areas each side from antennz to prothorax, making the 
head appear three spotted, the spots separated by clear spaces. First 
subsegment of prothorax entirely hyaline, but with reddish tinge; 
second subsegment dark red or maroon in middle, lateral lobes hyaline 
with two small sete on each. Mesothorax and metathorax similar; 
central area dark red, lateral lobes smoky gray. First four segments of 
abdomen entirely dark red; remaining segments hyaline with reddish 
or pinkish tinge in the center; two minute setz at the sides of the lobes 
and prominent dorsal ones on last four or five segments of the abdomen. 
Legs hyaline; femoral joints black; tibia smoky proximally; tarsi with 
very small trumpet-shaped pulvilli. Total length, 3.3 mm.; width of 
head, 0.23 mm.; width of meta-thorax, 0.45 mm. 

Second Instar Larva.—Differs from the other instars, especially the 
third, chiefly in size. The color is some shade of red, often with a 
purplish tinge. Three pairs of prominent white spots on the sides of the 
thorax surrounding the very small lateral tubercles. Dorsal vessel red 
to purplish with gray border. Total length, 4.6 mm.; width of meta- 
thorax, 0.66 mm.; width of head, 0.383 mm. 

Third Instar Larva (rather early in stage).—Head very dark, with 
three dorsal smoky patches, at sides and in middle; antennz, jaws, and 
palpi blackish brown; antennz two segmented without long apical seta; 
eyes black. First subsegment of prothorax about twice as long as 
broad, a dark purplish red tinge, lighter at sides; second subsegment also 
long; apodemes brownish, a pair of white spots either side in which 
there is a small tubercle bearing three short setze each; three rows of 
short sete across segment; median area tinged a very dark red. First 
subsegment of mesothorax short, dark purplish except for white mid- 
dorsal region; second subsegment largely gray in color; lateral tubercles 
very small, gray, bearing two sete each; dorsal vessel very dark purple 
with a prominent gray border on both sides; dorso-lateral area dark 
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purplish red. First subsegment of metathorax narrow, dark purple, 
except gray border of vessel; three pairs of short, black sete in a row. 
Second subsegment largely gray, with two very small lateral gray 
tubercles bearing five setze each; prominent gray border on both sides 
of vessel which is dark red. Abdomen dark red to purplish, with 
lighter shade at sides and with gray borders on both sides of dorsal 
vessel. End segments dark purple. Each abdominal segment with 
two rows of eight small dark sete each. Legs dark; coxe black; distal 
ends of femora, proximal ends of tibize, and whole of tarsi black. Total 
length, 6.8 mm.; width of head, 0.48 mm.; width of metathorax, 
1.04 mm. 

Cocoon and Pupe (Figs 6 and 7).—Cocoons were found in curled 
apple leaves. Reared larve normally spin white, oval cocoon with 
some threads doubled in size. The prepupe retain largely the larval 
color pattern, which is usually some shade of red with three pairs of 
prominent white spots at the sides of the thorax. 
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EXPLANATION OF PLATES. 


PLATE V. 
Hemerobius stigmaterus Fitch (except Fig. 4). 
Drawings by S. Fred Prince. 


Grown third instar larva, about 10 times natural size. 

First instar larva, ready to molt. X about 15. Note that the eyes 
have receded from their normal position and that the head capsule is 
slightly expanded posteriorly. 

Egg burster of this species. X about 160. 

Egg burster of H. humuli. X about 160. 

Egg of H. stigmaterus. XX about 35. 

A prepupa in its cocoon. X about 10. 

An adult female with wings expanded. X about 6. 


PLaTE VI. 


Adult of Hemerobius humuli Linn. on apple bud, enlarged about 1% times. 

Egg of H. humuli soon after deposition. X about 70. 

Egg of H. humuli just before hatching. X about 70. Note the promi- 
nent eye spots at upper end and abdomen of embryo in lower portion 
of egg directed upward. The cotton fiber is adhering to the venter 
of the egg showing its gelatinous nature. 

Egg of H. humuli on sepals of an apple bud as deposited in the open. 
enlarged about 15 times. 

Grown third instar larva of H. humuli on apple leaf. X about 5. 

A second instar larva of H. humuli. X about 5. 

A prepupa of H. humuli which failed to spin a cocoon and is developing 
outside a cocoon in nearly normal position. XX about 15. 

A pupa of H. humuli leaving its cocoon. X about 20. Note that the 
threads have been torn and pushed outward. 

A typical nearly mature pupa of H. humuli. X 13. 

A newly deposited egg of Hemerobius stigmaterus Fitch. XX about 70. 

An early reared third instar larva of H. stigmaterus. X about 5. 

A larva presumably of H. stigmaterus collected in West Virginia by F. W. 
Poos. XX about 6. 


PLATE VII. 


Adult of Micromus poslicus. X 3. Legs and antenne arranged as in 
death. 

Grown larva of M. posticus showing color markiggs. XX about 6. 

Another grown third instar larva of M. posticus, but showing less white 
on dorsum. X 6. 

Eggs of M. posticus on maple leaf as deposited in the laboratory, Ithaca, 
N. Y., about natural size. 

Egg of M. posticus. X 15. 

An early prepupa of M/. posticus in cocoon. X about 5. 

An early reared pupa of M. posticus in its cocoon. X about 6. 

Newly deposited egg of Sympherobius amiculus Fitch. X about 70. 

A second instar larva of S. amiculus on apple leaf. XX about 10. 

A nearly grown third instar larva of S. amiculus. X 7. Killed before 
photographing. 

A grown third instar larva of S. amiculus photographed alive on an apple 
leaf. X 5. 

A prepupa of S. amiculus in its cocoon. X about 5. 

A nearly mature pupa of S. amiculus. X 13. 


(All photographs by the author.) 
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NOTES ON THE LIFE HISTORY OF CLASTOPTERA 
OBTUSA AND LEPYRONIA QUADRANGULARIS* 


(Order Hemiptera, Family Cercopidae). 


Puitiep GARMAN. 


The following notes relate to the habits and life history of 
two cercopids or spittle bugs and constitute records on the 
length of the different stages at New Haven as well as descrip- 
tions of some of the early stages. The first of these bugs 
(Clastoptera obtusa Say) feeds on alder,f while the second 
(Lepyronia quadrangularis Say) feeds upon golden rod and 
other weeds. 


THE ALDER SPITTLE BuG. 
Clastoptera obtusa Say. 


This species is very common in Connecticut and the white 
masses of spittle may be seen on nearly every twig of some 
bushes. The eggs of the first or spring brood are laid in the 
fall, during September and October, hatch in May (May 10-22, 
1922) and the nymphs remain on the twigs from 29-42 days, 
depending on the temperature. Adults may be found beginning 
the middle of June and become mature early in July, laying 
eggs until the latter part of this month. Judging from what 
happens in the case of the grass-feeding species (Philenus 
lineatus) which begins to lay about the same time, the eggs 
should remain until the following spring without hatching, but 
they do not. Nearly 90 eggs obtained in captivity hatched in 
from 12—21 days, the outdoor average for this time of year 
being 16.5 days. The second brood nymphs give forth adults 
from the middle of August to cold weather or in this locality 
to the last of September and begin to lay eggs about the middle 
of this month. Field observations have verified the above facts, 
it being noted at New Haven that there is a considerable inter- 
val between first and second generation when few or no nymphs 
can be found. This interval occurs between the middle of June 





* Contribution from the Connecticut Agricultural Experiment Station, 1922. 
t Alnus rugosa (Du Roc) Spreng. (Smooth alder). 
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and the middle of July. Freshly emerged adults are numerous 
shortly after the middle of June and the middle of August and 
few are found between these dates. Eggs become numerous on 
new growth after the first of July. Adults reared in confinement 
from nymphs of the spring generation emerged June 21 and 
laid eggs in July which hatched after the usual interval for 
the second brood. 























Diagcam showing life history of Clastoptera obtusa. St.ppled a ea shows p.« bable 
overlapping of first and second generation adults. 


The cause for the early hatching of the eggs laid in July as 
contrasted with that of the grass-feeding species which remains 
until the following spring is not well understood, but it may be 
explained as suggested by Dr. A. C. Baker, by the fact that 
the species is of southern origin while P. /ineatus is a distinctly 
northern species. Another reason for this two brooded condition 
lies in the fact that alders provide a continual supply of fresh 
green food throughout the summer and well into the fall so 
that the younger stages of the spittle bug can continue feeding 
without interruption nearly until frost. On the other hand the 
redtop and timothy grasses grow most rapidly in spring and 
there is less chance for continual feeding in the case of the 
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grassfeeding species. However, it must be remembered that 
there are often varietal and specific differences in habit which 
cannot be accounted for by known differences in environment. 

The egg (Fig. 1) is laid just underneath the bark usually 
in a diagonal position similar to that of other cercopids. The 
opening in the bark is then covered with a tough adhesive sub- 
stance for protection. Winter eggs are frequently laid just 
above and behind a bud, which grows and protects them as 
seen in Fig. 7. The summer eggs are laid in almost any position 
on the new growth, though usually in a diagonal position. 

A week or so before hatching, the egg-covering splits and 
the egg is seen protruding. When first laid it is nearly white 
and if the covering is removed in mid winter, the egg will be 
found with only a slight yellow tint. When the covering splits 
the exposed portions turn black. 


THE NYMPH. 


There are probably five nymphal instars though in a great 
many cases only four moults have been found in reared exam- 
ples. The first two instars are similar in many details. They 
are orange in color with darker conspicuous spots on the sides 
of the abdomen. The antennae consist of two segments and 
the eyes of from six to nine divisions. The third instar turns 
grayish in color especially the abdomen, while the antennze 

_increase in length and number of segments. As yet there is 
little development of the wings. The fourth instar shows con- 
spicuous wing development but the thorax is usually much 
narrower than the abdomen. The fifth instar shows still further 
wing development, the latter being now curved and extending 
on to the ventral surface in freshly collected specimens. The 
thorax also widens perceptibly in this stage and the structures 
of the adult thorax soon become visible through the cuticle. 
In all stages the antennz are folded beneath the head and are 
invisible from above, the species differing in this respect from 
most other cercopide. There is also considerable variation in 
color pattern, and some specimens are much darker than others. 


DESCRIPTION OF THE DIFFERENT STAGES. 
(Plate, VIII) 


Egg.—(Fig. 1). Size .8 by .8 mm., long ovate, white or slightly 
yellowish, becoming black on exposure to the air before hatching. 
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First Nymphal Stage-—(Fig. 2). Length .8-.9mm. Compound eye 
with about 10 divisions, antennz inconspicuous, with two divisions. 
Head and thorax infuscated including the legs; wings not visible. 
Abdomen pale yellow, with a large orange spot (spittle gland) on each 
side, tip of abdomen infuscated. 

Second Nymphal Stage-—(Fig. 3). Length 1.2-1.7 mm. Head and 
thorax infuscated, including the legs; eyes with 10-12 divisions, antennze 
with three segments. Wing-pads not visible. Abdomen yellow at 
first, turning pale later, spittle glands conspicuous. 

Third Nymphal Stage.—(Fig. 4). Length 2-2.5 mm. Head brown, 
antennz consisting of three segments, the proximal one being dark, 
distal segment much longer than the rest; eyes with numerous facets. 
Thorax and legs brown, the wings slightly developed as lateral extensions 
of the margins of the thorax. Abdomen gray, the orange glands at the 
sides still conspicuous. 

Fourth Nymphal Stage.—(Fig. 8). Length 2.5-3 mm. Head brown 
below, mottled above near caudal margin; antenne consisting of three or 
four well defined proximal segments and a number of indistinct distal 
segments, the distal portion irregularly marked with dark rings. Thorax 
mottled above,.the legs fuscous. Abdomen gray, the spittle glands less 
conspicuous than in the third stage, tip of abdomen dark. 

Fifth Nymphal Stage-—(Fig. 9). Length 3-5 mm., greatest width 
2-2.5mm. Color green or yellowish. Head and thorax green or cream 
colored, mottled with brown. Antenne black preceded by a pale ring on 
the head, segments 3 and 4 each with pale rings; legs and rostrum 
brown, the legs with tips of tibize and tarsi darker. Wing pads well 
developed, dark, and extending well onto the venter of the thorax. 
Abdomen frequently with dark patches caudad of the wing pads. 


Adult Male.—(P1. IX Fig. 5). Dorsal aspect most commonly as in 
Fig. 5. Head with 7-8 interrupted brown lines between the antenna, the 
face behind these lines below nearly black; rostrum dark brown. 

Thorax: Pronotum rugose, the caudal half and cephalic margin 
usually brown, and a narrow brown stripe as in Fig. 5 connecting the 
lateral angles. Scutellum brown, margins and apex usually paler. 
Femora dark brown to black, tips paler; tibiz and tarsi brown, those of 
the hind legs much paler than the front and middle coxe and lateral 
thoracic sclerites of meso and metathorax nearly black; venter of 
metathorax light brown; elytra as in Fig. 5, usually dark brown with 
irregular white line from scutellum to costal margin; apices also pale, 
with a dark spot on costal margin; elytra finely pubescent with pale 
hairs. 

Abdomen: Abdominal segments dark brown below with pale caudal 
margins. 

Female.—Length 4-5.5 mm., usually lighter in color than the 
male, especially the ventral surface of the abdomen. 

Variations. Two varieties of this species have been found in 
Connecticut; var. achatina Germar and festacea Fitch. The variety 
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achatina was reared from hickory at New Haven and differs from the 
variety obtusa in having the pronotum entirely brown and the elytra 
without the pale transverse mark at middle. The variety testacea was 
collected at Rainbow, Connecticut, and is uniformly brown except for 
the stigmal spot on the costal margin of the elytra and dark areas behind 
the mesocoxee. It differs from the variety achatina in having the face 
entirely brown below. The life history notes here presented refer only 
to C. obtusa variety obtusa. 


HABITS OF THE NYMPH. 


The nymph does not make many changes in its position 
after once establishing itself. At about the time of the third 
molt it may migrate a considerable distance from its first posi- 
tion but this is the only time that it shows signs of restlessness. 
For the most part the nymph remains at one point feeding and 
molting within the spittle. However, the adult is not formed 
within as with the grass-feeding frog-hopper, but the nymph 
leaves the mass and wanders about until it finds a suitable 
place to transform. 


HABITS OF THE ADULT. 


The adult like most other cercopids is sluggish, easily cap- 


tured and when disturbed flies only a short distance. It feeds 
upon the tender shoots of the host plant and apparently does 
not leave the latter being usually found upon it or very close to it. 


The females of the first brood become mature in about two 
weeks after emerging. The second brood apparently requires 
a longer time, three to four weeks, and mating occurs in the case 
of the second brood about ten days after coming from the 
spittle. The total number of eggs obtained from a single female 
of the second brood varied from 22 to 35, according to cage 
records and the majority live only about a month after emerging 
from the spittle. The eggs of the second brood are laid usually 
between September 15 and October 1. A single fairly complete 
record illustrates the course of the life history of the second 
brood at New Haven. Eggs were obtained July 1 from adults 
confined in a wire cage. One of these hatched July 19 and three 
molts were seen up until August 20 when an adult female 
emerged. An adult male was introduced August 21 and died 
September 1. Mating was not observed in this cage but was 
observed in other cages from August 26 to September 1. The 
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female began to lay September 14 and lived until October 3, 
when 35 eggs were counted on the twigs of alder upon which 
the bug was confined. 


HOST PLANTS. 


Clastoptera obtusa has been reared from gray birch, white 
birch, witch hazel and hickory. As already noted the form on 
hickory is much different from the form on alder and corre- 
sponds to the description of the variety achatina. 


ENEMIES. 


The egg is apparently too well protected to be parasitized; 
at least none have been observed with parasites. The nymph, 
however, is attacked by the larva of a small fly Drosophila 
inversa Walker* which appears the latter part of July and the 
first of August and which is particularly well adapted to its life 
beneath the spittle. The larva (P1.VIII Fig. 6) of this fly has 
a long anal tube which it thrusts through the spittle to take air, 
in this way avoiding suffocation. Still more unexpected is the 
provision of the pupa (PI1.VIII, Fig. 5) with similar tubes extend- 
ing from the anterior end. Being inactive, some provision is 
necessary to keep the tubes above the spittle so they are pro- 
vided with four radiating hairs apparently to support them in 
the surface film. 





No great harm to the bugs results from the presence of the 
fly larve and they are able to mature and emerge as adults 
without difficulty. The larve no doubt obtain some nourishment 
direct from the spittle as suggested by Baerg and do not draw 
much from the body of the nymph itself. 









During August the nymphs were also found to be attacked 
by the Pentatomid Podisus maculiventris (Say). One individ- 
ual was noted which had speared an almost mature nymph and 
could hardly be induced to give up its prey. The Podisi were 
seen in considerable numbers at this time and no doubt destroy 
many spittle bugs. 










* This insect has been described by Baerg, Ent. News, XX XI; 20-21; 1920, and 
Ainslie, Can. Ent., 38: 44: 1905. The adult fly was determined by Dr. C. W. 
Johnson. 
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TABLES GIVING LIFE HISTORY DATA OF THE ALDER 


SPITTLE BUG, 1922. 


Ecc: Srconp Broop. 


Length of Incubation—Days 





Mean 
























































Date Laid | Date Hatched | —— Temp. 
| |12 |13 | 14 |15 | 16 |17 |18 | 19 |20 | 21 F. 
at tl oS enisitmmrocil cont tel coed atoll cnet 
June 30 | July 16 - Ein | 1 69.7 
June 30 July 17 | Bas 4 70.0 
July 1 July 18 } | 12 70.1 
July 1 | July 21 | | | 1] |__70.1 
July 1 | July 22 | | 1 70.3 
sts - a aterm = | a | | - | 
July 1 | July 18 ; | | ft | jlo] gre: 
July 1 | July 19 | | | | | |6 | | | 70.7 
July 7 | July 22 Samii | | 72.8 
July 7 | July 23 | | tet | | tlt 
> | | | | | | 
July 7 | July 24 . ) | {si} | | 72.7 
July 7 | July 25 | | | | [4] | | 72.4 
July 8 | July 23 | | | 2 | mie ca | 73.0 
July 8 July 24 | 113} | | | 72.9 
July 11 | July 27 Pe | 4 | | 70.1 
July 14 | July 31 | | } | |2] q | | 70.2 
a |—_——_—— . |— _ = | | o - 
July9 st July 21 | 4 | | | | |! | 80.6-89.6* 





* Incubator temperature. 


| Length of Nymphal Stages—Days 









































Date Date Mean 

Hatched Emerged| | | Poe | | Temp. F. 
22 23/24 25'26 27/28129 3031 323334 35,3637/38)39|40:41 42| 

April 23| June 4 | 1) 61.7 
May 10| June 16 “| TT r | 63.6 
May 14 June 20 1 64 3 
May 14 June 21 % 1 f 64.3 
July 17 | Aug. 20 | 1 TT TTT 70.6 
July 1g Aug. 1g ] 1 | 70.4 
July 18) Aug. 17 mar TTTI|1 | 7s 
July 19 Aug. 20 | 2 ii | 70.3 
July 19 Aug. 17 rs | 1 | 70.2 
July 22 | Aug. 20 I g : z 70.6 
July 17 | Aug. 8/1 | 80-89.6 
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THE QUADRANGULAR SPITTLE BUG. 


Lepyronia quadrangularis Say. 


Only a few notes on this species will be given here. 

Its life history differs from the grass-feeding and the alder 
bug in the fact that the adult bug passes the winter. Attempts 
to secure eggs in captivity from adults collected in the field 
failed entirely during the fall of 1921 and 1922 and it was only 
late in the season (September 27) that mating was observed in 
confined specimens. No eggs were obtained in the fall in small 
breeding cages, though in one field cage, eggs were apparently 
laid, which passed the winter and hatched the following spring. 
However, eggs were obtained easily in the spring of 1922 from 
adult females collected in low and swampy areas. 

Adults migrate to swamp land to pass the winter and abandon 
the high ground where few can be found during the late fall 
and winter. 

The egg is laid quite differently from other cercopids studied, 
being pushed directly into rotten and decayed stems of golden 
rod or other weeds—not in fresh tissue. The opening is closed 
and almost completely hidden by the usual adhesive substance 
employed by spittle bugs. Fig. 4 shows the eggs as they 
appear in a cut stem of golden rod. 

In general then it may be stated that the quadrangular bug 
spends the greater part of its life as an adult insect, laying eggs 
very late in the fall if at all, but mostly in spring, the first or 
middle of May. The eggs hatch in about one month and the 
nymphal period probably consumes a month longer. This 
brings us to the middle of July at New Haven when adults 
begin to emerge from the spittle. From then to the egg-laying 
period, the preoviposition period, consumes two months and in 
the case of the eggs laid in the spring nine or ten months. 


DESCRIPTION OF THE EGG. 
(Plate IX, Fig. 4.) 
Almost white, when fresh, cream colored when older; 
elongate and shiny. Total length 1 mm., width .35 mm. 
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EXPLANATION OF PLATES. 


Pate VIII. 
Clastoptera obtusa and Drosophila inversa. 


1. Egg. 2. First nymphal stage. 3. Second nymphal stage. 4. Third nymphal 
stage. 5. Pupa of Drosophila inversa. 6. Larva of Drosophila inversa. 7. Winter 
eggs. 8. Fourth nymphal stage. 9. Fifth nymphal stage. 


PLATE IX. 
Lepyronia quadrangularis Say and Clastoptera obtusa Say. 


1. Spittle masses on alder. 2. Summer eggs, greatly enlarged. 3. Winter eggs, of 
Clastoptera obtusa Say. 4. Eggs of Lepyronia quadrangularis Say. 5. Adult 
male of Clastoptera obtusa Say. 
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A REVIEW OF THE NORTH AMERICAN COREINI 
(HETEROPTERA) 


S. B. FRACKER, 


Madison, Wisconsin. 


The great uniformity within the tribe Coreini has resulted 
in some confusion in regard to the different species. As is usual 
in the Heteroptera, individual variation makes the differen- 
tiation of species difficult. 

The subfamily Coreinae of which this tribe is a member is 
distinguished from other groups of the family largely by neg- 
ative characteristics. The structural peculiarities of membrane 
venation found in the Pseudophloeinae, the unusual position or 
obsolescence of the scent gland orifices of the Corizinae, the 
large head and narrow thorax of the Alydinae, and the toothed 
tibiae and swollen femora of the Merocorinae are all wanting 
in the Coreinae. 

As is usual in what may be called residual groups of this kind, 
considerable structural variation occurs within the subfamily. 

A similar statement may be made in regard to the tribe 
under discussion. It contains those members of the subfamily 
Coreinae which are not distinguished by peculiar expansions 
or shapes of the tibiae or antennae, by prominently armed 
femora, nor by unusually widely separated posterior coxae. 

Stal in his synopsis of the Coreini uses the relative length of 
the bucculae as the principal character for dividing the tribe. 
The immediate cause of writing the present paper* was the 
difficulty of using this character in practice and the confusion 
resulting from individual variations in such a structure among 
very closely related genera. In the following synopsis of the 
genera an attempt is made to eliminate this difficulty. Only 
the species found north of Mexico have been considered. 

* The collections examined in the preparation of this paper were those 
described in the author’s ‘‘Alydinz of the United States,’’ with the addition of 
those of Cornell University, the Field Museum of Chicago, the American Museum 
of Natural History at New York; Mr. H. G. Barber, Roselle, New Jersey; Prof. 
Herbert Osborn, Columbus, Ohio; Prof. C. J. Drake, Ames, lowa; and part of the 
collection of the Illinois State Laboratory of Natural History. The author is 


indebted to those in charge of these collections for the privilege of examining 
them. 
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SYNOPSIS OF THE GENERA. 


a. Femora, at least the posterior, armed with one or more spines; membrane 
with veins simple or slightly branching; rostrum attaining or surpassing 
intermediate coxe. 

b. Pronotum with lateral angles spinose..... eas Zicca. 
bb. Pronotum with lateral angles rounded or angular, not spinose. 
c. Juga not prominent, not extending beyond tylus; head very short, less 
than half as long as pronotum. 
d. Head nearly one-half as wide as pronotum; antenne usually with first 
segment longer than second; body elongate ...Namacus. 
dd. Head elongate, not over one-third width of pronotum; antennze with 
first segment shorter than or equalling second; body stout. 
Anasa (in part). 
cc. Juga prominent, acute above tylus; head nearly as long as pronotum; 
body very broad............ here ears Kae OM hae eave ers ... Chelinidea. 
aa. Femora all unarmed. 
b. Membrane with irregular and anastomosing venation. 
c. Antenne longer than body; posterior coxz widely separated. ....Madura. 
cc. Antenne shorter than body. 
d. Tylus forming a prominent keel between antennz, articulation of 
antennez on apex of antenniferous tubercles, not guarded by dorsal and 
ventral plates. : ....Margus. 
dd. Tylus low and rounded, not forming a prominent keel; articulation 
of antennz guarded above and below by expanded plates. . Scolopocerus. 
bb. Membrane with simple or slightly branching venation. 
c. Rostrum short, scarcely surpassing anterior cox, first segment not 
extending behind eyes ....Cimolus. 
cc. Rostrum longer, attaining or surpassing intermediate coxe, first segment 
surpassing posterior margin of eyes. 
d. Posterior coxe widely separated; body stout. 

e. Articulation of antenne laterocephalic, not guarded beneath by an 
expanded plate of the genx; scent gland orifices with a round button- 
like prominence at the anterior margin; size large. .Anasa (in part). 

ee. Articulation of antenne cephalic, guarded beneath by an expanded 
plate of the gene; scent-gland orifices without button-like prom- 


inence; size not over 13 x 4 mm ‘ .. Catorhintha.* 
dd. Posterior coxe nearly contiguous; body elongate, compressed. 
Hypselonotus. 
Madura. 


Madura is a South and Central American genus, of which 
one species, M. perfida Stal, has been found in Texas. The 
antennae are about as long as the body, the elongate first seg- 
ment thickened at the tip; the rostrum reaches the posterior 
coxae; the wing veins are partially anastomosing. The species 
is small, measuring only 6.5 by 1.5 mm. 


Chelinidea. 


Owing to the peculiarities of Chelinidea, Stalin his synopsis 
of the Coreidae did not attempt to include it in any tribe but 
separated it from all other genera. The superficial resemblance 


* Including Ficana. 
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to Pentatomidae is marked. Two species, similar in appearance 
and tending to intergrade in the southwestern states, have 
been described. 


McAtee* has recently revised the genus, the two species of 
which had formerly been separated on color characters. This 
author limits C. tabulata Burmeister to the forms with the 
humeral angles elevated and the anterior pronotal angles pro- 
longed into spines directed cephalad. The head and legs are 
flavous marked in part with a rich buff. The distribution 
includes Texas and Mexico. 

C. vittiger Uhler, with the humeral angles lower than the 
remainder of the thorax, and the anterior pronotal angles either 
obsolescent, or short and directed outwardly, is divided into 
subspecies vittiger Uhler and aequoris McAtee. In the former, 
which typically has the head and legs black, the anterior part 
of the pronotal margin is distinctly carinate and bears an out- 
wardly directed tubercle; both of which characters are reduced 
to obolescence in the pale subspecies aequoris. A pale color 
variety of vittiger is given the designation artuflava McAtee, and 
a dark variety of aequoris is called artuatra McAtee. 

Subspecies vittiger is distributed throughout the Rocky 
Mountain States, while aequoris is known from Virginia to 
Texas. All members of the genus breed on cactus (Opuntia 
and Cereus). 


Margus. 


M. inconspicuous Herrich-Schaeffer, widely distributed in 
the southwestern states, and M. obscurator Fabricius (from 
Florida) are the North American representatives of this large 
tropical genus. The former (11 mm. long) is much larger than 
the latter and possesses blunt, rounded antenniferous tubercles, 


those of M. obscurator being acutely produced externally at 
the apex. 


Namacus. 


The large size (14 mm. length) and bright red and black 
coloration of N. annulicornis Stal make it a conspicuous insect. 
The distribution is subtropical. 








*McAtee, W. L. Notes on Nearctic Heteroptera. Coreide. Bul. Brooklyn 
Ent. Soc. 14, 1919, 9-13. 
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Scolopocerus. 


The species of Scolopocerus, all of which come from the 
southwestern states, have been discussed by Barber.* His 
synopsis includes a misprint concerning S. granulosus Barber 
in the phrase ‘‘pronotum much wider than long’’ which should 
read ‘‘longer than wide.’’ The statement is correctly given in 
the description (p. 166) and the discussion (p. 167). In this 
species and in S. secundarius Uhler the first segment of the 
antennae is longer than the second and the hemelytra do not 
reach the apex of the abdomen. S. uwhleri Distant possesses a 
short first antennal segment, and long hemelytra. The pyriform 
swollen fourth antennal segment: and the slender pronotum 
distinguish granulosus from the others. A short-winged form 
of the latter species is at hand. 


Catorhintha. 


The species of Catorhintha, Ficana, and Anasa, bear a very 
close resemblance to each other and are difficult to group. In 
addition to the small size, the presence of a small, horizontal, 
shelf-like plate beneath each antenniferous tubercle, which does 
not seem to have been described heretofore, is a constant fea- 
ture which distinguishes the first two genera named from 
Anasa. This plate is a lateral expansion of the gena and appears 
to form a ventral guard for the articulation of the antenna. 
The shape of the margins of the gland orifices is mentioned in 
the synopsis of the genera. 

The writer is unable to find any adequate basis for giving 
generic rank to ‘‘ Ficana apicalis Dallas’’ although the bucculae 
are possibly a trifle shorter than and the rostrum longer than 
in the species of Catorhintha. If Ficana is considered a subgenus, 
the species group themselves in such a way that at least one 
and possibly two new subgenera should be erected, but it is 
believed this change would serve no useful purpose. F. apicalis 
is consequently being placed in Catorhintha, a _ position 
which would be scarcely disputed by Stal judging from his 
brief statement in 1870.t 























* Barber, H. G. New Hemiptera-Heteroptera. Jour. N. Y. Ent. Soc. 22, 
1914, 166. 

+ Stal, C. Enumeratio Hemipterorum 1, 1870, 188. ‘‘Hoc genus Cator- 
hinthe est maxime affine.’’ 
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SYNOPSIS OF THE SPECIES OF CATORHINTHA. 


Antenniferous tubercles acute externally at apex, often produced into a spine, 
or armed with a small tubercle (see Fig. I); dorsum of abdomen with a 
single area or two spots flavous or rufescent. 

b. Antenniferous tubercles armed with distinct spine at lateral apical angle; 
male claspers with hook open (see Plate X); connexivum marked with a 
black vitta on each segment, except in a few rare individuals. 

Size small, 9 by 2.5 mm.; six black macule in series on venter, other dots 
guttula Fabricius. 
ce. ; venter covered with black dots about 
as large as those of series sa dca ickab in sana ae .mendica Stal 
bb. Antenniferous tubercles acute externally, but without distinct slender 
spine. 

Pronotum legs, and venter thickly dotted with black; size large, length 12 

mm. or more; male claspers with apex of hook not elongate. 
apicalis Dallas. 
cc. Pronotum legs and venter flavous, sparsely dotted; size small, slender; 
color pale; male claspers with apex of hooks elongate......flava n. sp. 
aa. Antenniferous tubercles rounded unarmed; dorsum of abdomen black, con- 
nexivum pale, both immaculate; male claspers with hook nearly closed at tip. 

b. Third antennal segment flavous at apex, fourth incrassate; legs sparsely 
but conspicuously dotted with black ....texana Stal 

bb. Third and fourth antennal segments black, fourth slender; legs paler. 
selector Stal 


C mendea C guttula 


C. gepicalis 


C. sefeetor Cféxana 


FicureE I. 


Antenniferous tubercles in Catorhintha, Drawings by the author, 











170 Annals Entomological Society of America [Vol. XVI, 


C. mendica Stal is the common species of the eastern United 
States and is known from Florida and Ohio to Wisconsin, 
Dakota, Colorado, New Mexico and Lower California. It is 
often found on Xanthium. 

In the southern United States, from Florida west, C. guttula 
Fabricius is well known and it has been taken as far north as 
Colorado. 

Catorhintha borinquensis Barber from Porto Rico possesses 
spinose antenniferous tubercles and resembles C. guttula in 
appearence. It is more reddish in coloration and the male 
claspers resemble those of C. flava, although more slender. 
The dorsum of the abdoman is brown without a pale spot, 
and the connexivum is spotted. 

One of the types was examined through the courtesy of 
Mr Barber. 

All the other species belong to the fauna of the southwestern 
states from Colorado and Texas to California. 

C. apicalis Dallas is a large variable species of wide sub- 
tropical distribution. The present writer has been inclined to 
divide it into at least two species but a study of the genitalia 
gives evidence that the different forms may best be described 
as varieties. 

The typical form, variety apicalis Dallas, has the terminal 
antennal segment rosaceous, and the connexivum marked with 
segmental black spots. Specimens from Arizona (Barber), 
Mexico (Banks) and California (Van Duzee) have been exam- 
ined. The male claspers in the specimens dissected were not 
clavate at the apex but otherwise agreed with the other varie- 
ties. (See Plate I). 

Variety scrutator Distant is said by Distant* to be more 
common in Central America than the typical form. The last 
antennal segment is black, being pale at the extreme apex only. 
The connexivum is spotted as in variety apicalis. Distant uses 
the term scrutator in a way which makes its validity doubtful 
but the present author believes the adoption of a new name at 
this time would serve no useful purpose. After describing the 
common form, he says, ‘‘This form is also contained in the 
Berlin museum and was sent to me labeled scrutator.’’ Spec- 
imens have been examined from Arizona (Barber), California 
(Illinois, Cornell and Harvard collections) and Colorado 
(Illinois collection). 


* Biol, Cent. Am. 1, 1881, 139, 
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In variety marginata n. var. the connexivum is immaculate, 
pale, and the terminal antennal segment black except at 
extreme apex. A large number of specimens of this variety, 
including the types, were collected by Dr. E. D. Ball and Mr. 
E. P. Van Duzee at Salida, Colorado, on July 24, 1900. Since 
the male claspers are angularly clavate at the apex, differing in 
this respect from the typical form, the variety may be entitled 
to specific rank. Several specimens from Van Duzee were in 
the Cornell collection labeled ‘‘Catorhintha texana.’’ The 
author has seen only a few specimens answering this description 
outside of that one collection, although over fifteen specimens 
were secured at that time. The additional ones were from the 
Huachuca mountains of Arizona in the Barber collection among 
a number of both sexes of the variety banksz. 

A few specimens from Arizona, in the Banks and Barber 
collections have the apical antennal segment pale and the con- 
nexivum immaculate, pale. This may be known as variety 
banksi n. var., the type locality being the Huachuca Mountains. 

There is a marked uniformity in the size of the different 
varieties, the total variation being within the limits of 12 to 14 
mm. in length and 3.5 to 4 mm. in width. 


Carorhintha flava n. sp. 


Resembling C. selector in form, size, and color, but slightly larger, 
with the antenniferous tubercles armed with a short appressed tubercle 
and with the piceous dorsum of the abdomen marked with a longitudinal 
flavous area. 

Body pale yellow, punctate with black above on head and pronotum; 
legs and ventral surfaces of thorax and abdomen pale excepting the 
usual prominent black spot on each segment and an additional one near 
the ventromeson of the first and second ventral segments. Antennz 
pale, with the first and fourth segments marked with piceous. Rostrum 
attaining intermediate coxz; bucculz half or more as long as head. 

Connexivum pale, immaculate. Apical ventral segment of male 
flattened and sinuate-emarginate on each side at apex; male claspers 
with apex prolonged beyond basal portion as shown in Plate X. Size, 
11 x 2.5 mm. 


allotype from Lake Lomalda, Texas, November 27, 1910. Both 


in the collection of the Illinois State Laboratory of Natural 
History. 


Holotype, male, taken at Brownsville, Texas, Dec. 9, 1910; 


C. selector and C. texana are very similar to each other, Stal 
who described them both using the phrase, ‘‘maxime affinis, 
* * * an distincta?’’. The flavous apex of the third antennal 
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segment, the black-speckled legs and the slightly incrassate 
fourth antennal segment in C. texana will serve to separate 
them. All the specimens seen were slightly smaller than the 
one Stal described, averaging 3 mm. wide and from 10.5 to 11 
mm. long instead of ‘'11.5 by 3.5 mm.” 


Cimolus. 


C. obscurus Stal, a large form from Texas and South Car- 
olina superficially resembles the species of Anasa, but may be 
distinguished by the short rostrum. 


Anasa. 


This large neotropical genus is represented in the United 
States by only seven species, one of which has not been seen 
since it was originally described. A. tristis is one of the best 
known of all Heteroptera, as it and the chinch bug are the only 
members of the suborder guilty of extensive depredations. 
A. armigera and A. repetita also attack squash, and are of occa- 
sional economic importance as far north as Massachusetts ;* 
the former, at least, occurs in Wisconsin. 

Stalt has published two extensive synopses of all the then 
known species. The following key is partially an adaptation of 
his work and is given here for convenience. A. obliqua Uhler is 
omitted as unrecognized. 


a. Head armed with tubercle or short spine behind each antenna or unarmed; 
last dorsal abdominal segment of male truncate at lateral angles, not sinuate 
posteriorly. 

b. Head marked with two black or black-dotted vittz; antennz and usually 

legs predominantly black; dorsal tubercles of head present; femora unarmed. 

c. Posterior lateral margins of pronotum sinuate, posterior angles prominent; 

tubercles of head minute and blunt am tristis DeGeer. 

cc. Posterior lateral margins of pronotum not sinuate, posterior angles 

rounded; head with acute little spines. 

d. Anterior angles of pronotum produced beyond caphalic margin as a 

prominent tooth; body robust,6 x 15 mm uhleri Stal. 

dd. Anterior angles of pronotum acute, but not produced beyond caphalic 

margin body slender, 4.5 x 14 mm andrewst Guerin. 

bb. Head without black vittz, and entirely unarmed; antennez and legs yellow- 

ish brown; size 5 x 13-15 mm repelita Heidemann 

aa. Head armed with a long spine on each side, one-third as long as first antennal 

segment; last dorsal abdominal segment of male sinuate posteriorly next 
prominent lateral angles; femora with an acute subapical tubercle. 

b. Antennz (except paler terminal segment) and tibia marked with black; 

central and northern United States armigera Say 

bb. Antenne and tibiz pale; subtropical scorbutica Fabricius 





* Parshley, Jour. Ec. Ent. 11, 1918, 471. 
t Hem. Fabr. 1, 1868, 57, and Enum. Hem., 1, 1870, 189. 
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Zicca. 


Z. taeniola Dallas is a West Indian species of which there is 
a doubtful record of collection in the United States. The armed 
pronotum and femora distinguish it from other Coreini. 


Hypselonotus. 


McAtee has recently suggested (Il. c., p. 8) that the three 
recognized forms of this genus in North America be considered 
synonymous under the name H. fulvus DeGeer. In the material 
at hand all but one specimen shows the spotted venter of 
punctiventris Stal while two others also answer Fabricius’ 
description of venosus. 


Paryphes. 

The inclusion of this genus in lists is based on Uhler’s report* 
of P. rufoscutellatus Gray in California. This species is not 
included in Horvath’s monograph of the genus and the present 
author has seen neither specimen nor description. 


* Uhler, P. U.S. Geol. and Geog. Surv., Bul. 1; 1876, 293. 


EXLANATION OF PLATE X. 


Male claspers in the genus Catorhintha. 


Distinctions of importance are (a) the shape of the base, (b) the angle between 
the base and the hook, (c) the shape of the hook, and (d) the shape of the 
apex of the hook. Photomicrographs by E. L. Chambers. 
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Fracker. 


S. B. 





NOTICE 


The attention of Entomologists throughout the world is 
called to the fact that, beginning with the Volume for 1922, 
the preparation of the ‘‘Insecta’’ part of the ‘‘Zoological 


Record,’’ is being undertaken by the Imperial Bureau of 
Entomology. In order that the Record may be as complete 
as it is possible to make it, all authors of entomological papers, 
especially of systematic ones, are requested to send separata 
of their papers to the Bureau. These are particularly desired 


in cases where the original journal is one that is not primarily 
devoted to entomology. All separata should be addressed to 
The Assistant Director, Imperial Bureau of Entomology, 
41, Queen’s Gate, London, S. W. 7, England. 











